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PREFACE. 


The older method of .sjiving statistical information on science 
subjects was very unsatisfactory, alike to teacher and to student, 
and is now being replaced by a b(‘tter system, in which the student, 
instead of seeing an exp(‘nnieut })erformed by the })ractised hand 
of a teacher, is furnished witl^ tin* necessary apparatus, and witli 
information suflicient to enable him to carry it out with some 
'•approach to accuracy. 

In this manner, instead of attempting the hopeless task of 
remembering a law, often expressed in langufige which lie cnnnot 
understand, he finds from careful experiments, and by the liberal 
use of squared ])a])ei', that such a law exists — h<‘ can evmi trace 
it in a rough experiment (and the apparatus which is sometimes 
given to students is as rough as it is possible to make it); but with 
care and jiroper precautions he is abl(‘ to obtain eitlier an accurab* 
result, or at least a good aj)|)roximation to it. Having proc(‘ed<‘d 
so far, there is, at any rate, some incentive to induce him to try 
to understand more clearly what the law imjihes, and it thus 
becomes of vital iiitei-e^t and importance, in^'tead of a iiif're jargon 
of words to, be carefully remembered for examination purposes. 

As v*iil ])e seen on reference to tlie following jiage.s, the attenqit 
is made to inclu<le only those ex])eriments which are well within 
the capabilitie.s of first and .second year students in science schooLs 
and classes. 

The grouping together of one or more sections of <‘ach subject 
into chapteis atVords an opportunity of giving at the end of each a 
short recapitulatory summary, and, in addition, numerical exercises 
on the subject-matter. "1 hese are chi<*fly select (^d from the examina- 
tion papers of the Science Hnd Art Hepartment. Solutions to these 
Jvre^-given wdier<‘ n(*ce.s.sar\ and the answ^ers to thV remainder. 
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PREFACE. 


It i.s an easy matter to assume that by means of a simp 
experiment an important law is understood; but if the knowledj 
BO gained is net sufficient to solve a fairly easy numerical questio 
it indicates that the matter is not so clear as it ought to b 
JJenc(^ these (juestions will be found useful, not as an end, but as 
means to an end. 

lJuring an cxj)erience of over twenty years’ teaching in scien 
classes, tlie writer has found that the majority of students fail 
realize the great importance of Physics, especially of Elemental 
Mensuration. 

As will be seen on reference to the following pages, conside 
able space is devoted to this subject. The experiments, althouj 
numerous, ar(‘ so arranged that they may be taken in any desir< 
order, and, if necessary, at the discretion of the teacher the mo 
difficult ones may be omitted altogether. 

The same remarks apply to the sections dealing with Mechani( 
Sound, Light, Heat, IMagnctism, and Electricity. 

In the few simple and practical# experiments in Mechanics, t 
excellent method introduced by Professor Perry, D.Sc., E.R.J 
which is now b(dng g(‘n(‘rally adopted, is indicated, and consis 
in s(‘tting apart suitabh* appai*atus for each experiment. T1 
is easily made and tilted up, is always ready for use, and enabl 
a student to obtain fairly accurate quantitative results. 

In a book of this kind it would be impossible to acknowled 
all the help recoive<l from various sources, but the writer is espe 
ally indebted to his brother, IVIr F. G. Castle, A.T.M.E., and 
Mr. G. W. Ft‘arnley, A.lt.C.S., for many valuable suggestions ai 
corrections in the sections dealing with Mensuration, Mechani 
and Heat; also to ^Ir. C. A. West, A.K.C.S., A.I.C., and 
J. Schotield, A.lbC.S., whose valuable aid in the sections deali 
Sound, Light, Magnetism, and P^lectricity has in no sm 
nu^asure contributed to any good f(*ature which this part of t 
work presents. 



LABORATORY WORK. 


It should be carefully noted by the student that tlu' educational value of tlu; 
work done by him will depend entirely on thr waii it n done. The results 
will be valueless unless in eacli case an effort is made to eiiMirfi that tlie most 
accurate results have been obtained. When this is done, it will be i>ossible to 
illustrate the general principles of science, to reason m a ch'ar manner on the 
facts observed, and to obtain clear ideas as to the cause of any discr(‘i>ancy 
between the observed values and those obtained from calculation. Tht* follow- 
ing rules should be observed 

1. Before commencing an experiment, see that all th(‘ materials required are 
in readiness and in good working ord('r; read all about the exi)erinient, so that 
biifore you begin you have a clear conception of what you are about to do. 

2. Use the apparatus as directed in the instructions, and note briefly any 
inferences you can make as the worl^proceed^. 

3. A methodical record of all work done should be made, and a notelxiok 
should be kept exclusively for laboratory work. This should be about six inches 
wide by eight inches long, with stiff covers. A smaller lx>ok may be used if 
desirable, but the larger one will be found to be much more convenKuit. 

4. The number or description of the experiment must be entered also. Hint- 
able columns, with the headings as .shown in the following e\])erim<'ntK, .should 
be jirepared, and all results obtained entered in their proper i>lac(‘.s. 

5. The numbers recorded in any column must not be the ri'sult of calcula- 
tions, but those obtained from the exjiernnent" 

fi. The right-hand page may be kept for the record of work dom*, and the h'ft- 
hand page for sketches of the apparatus used. These sketches sluMild always be 
made, 7iot sketched from the hook but from the apparatus actnallit ustd. 

7. When the experiment is eouqdeted, removi- all aj)paratus not required for 
the next exiieriment ; and before leaving the lalxiratorv'. see that all thing.s are 
put away in their proper places. 

8. After the exi>erimental work is finished, jiroceed to make the necessary 
computations. All equations and results should be entered on the right-hand 
page, the arithnn^tical work a.s neatly as ixis.sible on the left-hand i>agc, in such 
a jxisition as not to interfere with tlie sketch previou.sly made of the apparatus. 

9. ^Vherever ixissible, the values obtained should lx* plotted on squared pajx'r. 
This enables slight erroins of observation to be readily corrected. The paper 
may be cut to a suitable size and inserted in the notebook (pasting a narrow 
strip along one edge for that purjxise). In thi.s manner all the results may lx* 
kept together. 

10. The notebook must be Jianded in to the instructor for examination, and 
the corrections, if any, indicat ed should be made by the student before proceeil- 

the next exjieriment. 
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AN ELEMENTARY COURSE IN 
PRACTICAL PHYSICS. 


CHAPTER 1. 

PRELIMINARY CONSIDERATIONS. 

^VEN to the beginner, correct ideas of space, time, and mass 
are absolutely necessary, and the accurate ineasuniinent of tlif*se 
quantities is of the utmost importance. In mechanics, and in 
all sciences, we have to make measurements of lengths, areas, 
volumes, times, masses, or to estimate quaiititi(\s of heat, elec- 
tricity, etc. When very accurate measurements have to Ixj made, 
carefully-constructed and costly apparatus is nec(‘.ssary ; y(it it is 
])ossible, with sufficient care, to obtain 'very good results with H])pa- 
ratus of a very simple character and costing liiit little. It also 
frequently happens that the principles involved in the use of an in- 
strument are best illustrated by a simple type; whicli, unlike costly 
apparatus, is always ready for use. It is l>y such simple forms of 
apparatus that the following experiments are to be performed. 

British and Metric Units. 

In measurement, it is necessary to find some number indicating 
the magnitude of the quantity we are measuring ; hence some 
definite quantity of the same kind must be selected as tlie unit. 
Thus we may express Length in inches, feet, or miles, or in 
centimetres, metres, or kilometres; Area in square inches or 
^uare feet, or in square centimetres, etc. ; Volume in cubic 
hiches, cubic feet, or in cubic centimetres; Weight or mass in 
l^tu^ or tons, grams or kilograms. 
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Measurement of Length. — To measure length, a unit and a 
standard are necessary. The two units which are in use in this 
country and the United States of America are the yard and the 
metre. 

The English unit of length is the imperial yard. This is 
defined by Act of Parliament to be the distance between two’ 
lines on a certain bronze bar, when the bar is at a temperature 
of 6*2'* F. This bar is deposited in the Standards Department 
of tlie Board of Trade. 

The measurement of a quantity is made by finding how many 
times the unit, which is a definite (piantity of the same kind, is 
contaiiKid in it. 

The two systems of units to which one yard and one metre 
respectively refer art* -the English, and the French or Metric. 
The latter is chieliy used for scientific purj>oses. 

The fuiulamental units of length, weight, and time respectively 
are : - - 

English —the yard, pound, aiul second. Metric — the metre, 
kilogram, and second. 

From the fundamental wliat are called the derived units are 
obtained, by dividing the unit by suitable submultiples or mul- 
tiples. 

Derived Units. — 'Fhe yard is divided into three equal parts, 
each of which is a foot, 'riie foot is divided into twelve equal parts 
or inches., th(3M* being farther subdivided into eight, or, better, 
into ten (»qual parts. 

Tin* foot and the inch are sometimes used for scientific pur- 
poses, 

A larger multiple is the niih\ e<|ual to 5,280 feet or 1,760 
yards. 

F.P.S. System. — In the so-called absolute system of units in 
use in this country, the foot, the pound, and the second are used : 
this is known as the foot-pound-second system, abbreviated into 
F. /^ S. 

e.G.S. System. — Tn the metric or French system the centimetre, 
gram, and second are used, or the centimetre-gram-second system, 
and written C.(r S. si/strm. 

Area and Volume. — Units of area and volume depend directly 
on those of length. Thus the nnif of area is the area of a square, 
whose siile is the unit of length. 

The unit of volume is the viilume of a cube, whose edge is the 
unit of length. * 
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The English unit of area is the area of a square whose side is 
one yard, and called tlie square yard (Fi^^ 1 ). For scientific pur- 
poses, the square foot and square inch, or the 
areas of squares whose sides are a foot and an 
inch respectively, are generally used. 

The unit of volume, or capacity, is the 
y all on. The gallon is the rolume. oecujned hy 
ten pounds of distilled loatf^r at a temperature 
of i}S F. 

A larger unit often used is the cubic foot. 

One cubic foot of water weighs nearly 1,000 oz., i oue vard .-nd 

or, better, C2*3 lbs., wlnui tlie temperature is one foot, one square} aid 
62^ F. Tlie weight of a cubic foot of ^^at(‘r at 
temperatures 32° and 212° is 62*48 lbs. and 59*64 lbs. respectively. 
A pint of water weighs approximately a })Ound and a quarter. 

Mass. — If we examine an iron ball and a \\ooden ball of the 
same size, the former is found to be much heavier than the latter. 
From this we infer that the passes or quantities of matter are 
different in the iron and the ^^ood >^6‘^v^on proved that tlie 
(Wth attracts all kinds of mattcu* with the .same force. Tlence, 
if the masses were the same, the wiight.s would be tlu* same, 
for weight is the pull of the earth upon a body ; but as this is 
not the case, there is more matter in the former than in the 



latter. Thu.s, for dilferent substances, ma,^s is not projuu'tional 
to volume j hut is proportional to tveiyhi . mass and weight are 
both proportional to volume w hcui the sub.stances are th(* same. 

To obtain equal (juantities of matter in the wood and the iron 
ball, the former would have to ]>o much larger than tlie latter. 

Definition. — The mass of a body is the quantity of matter in 



the body; it is measured by comparing it with 
the standard of mass. 

The English standard of mass is the pound 
avoirdupois (Fig 2), defined by the Weiglits and 
Measures Act, 1878, as the (piaiitity of matter in 


■ i,!:' ' a platinum cylinder deposited in the offices of the 


i , tirw ! Board of Trade (Fig. 2). Copies of the standard, 

'd -standarxi together with multiples and .suhinultiples of it, 
i»ouna height, iM.'j are to he found in several parts of the country. 

1 According to the Act, tin? conqiarison of any 

other mass with the standard unit is to Vje made 
by u?eiyhiny hi vacuo. Tlie importance of this statement wu'll be 
^^eu#bn reference to “Specific Gravity,’* p. 71, 
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Derived Units of Mass. — The multiples and submultiples in 
use are derived from this standard unit. Thus a ton = 2,240 
pounds, or as written, 2,240 lbs.; also 1 lb. = 16 ounces = 7,000 
grains. 

Metric System, — Tn the French or metric system of weights 
and measures, dermial division — that is, division into ten or some 
multiple of ten — is exclusiv(dy used, and is much more convenient, 
both for measurement and calculation, than the method of dividing 
a yard into feet and inches. 

In Ihis system the unit of huigth is the metre. This length was 
originally defined to be the one-ten-millionth part of the length of 
a quadrant of the earth’s meridian, from the pole to the equator ; 
but further research has shown that this estimate is not accurate, 
and the mf>tre may be best described as the distance between two 
marks on a metal bar deposited in the French Standards Office at 
Paris. CV)pies of the standard are to be found in various places 
in Europe;. 

Derived Units. -In the metric system all the measures of 
length, area, and volume are multiples or submiiltiples of the 
unit, and are obtained from tlie metre by multiplying or dividing 
by some powm’ of 10. Thus the metre is subdivided into ten 
parts called decimetres, a decimetre into ten centimetres, and 
a cen timet r(‘ into t('n millimetres. When tlie distances to be 
mcasur(*d are great, a thousand metres, called a kilometre, is 
us(hI 

The following abbreviations are used : — 


IMetre m. ! Ontimetre.. cm. 

Decimetre . dm. j Millimetre .. . .ram. 


it is oft<m very convenient to write millimetres as tenths of a 
centimetre ; thus a reading of 10 centimetres and 0 millimetres 
would be written as Ifhi) on. 

Comparison of Yard and Metre.— -The yard and the metre 
have been carefully compared, and it is found that when both yard 
and metre are at a lempt'rature of G2“ F., a metre is 39*3704 
inches. Hence a decimetre is 3*93701 inches, or very nearly equal 
to 4 inches. 

Area and Volume. — Tlie unit of area is the square centimetre, 

or the area of a square w hose side is one centimetre. 

The unit of volume is the cubic centimetre, or the volume of a 
cube whose (rige is one centimetre. 

If the edge of the cube be 10 cefUimetretfj or 1 dechmtrhy the 
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volume of the cube will be 1 cubic decimetre (Fig. 3), and this is 
called a litre. Hence a litre contains IfiOO cubic centimetres. 



Fio. 3. — Centimetres. 1 decimetre = jV nietre “ 10 centimetres Sldcf^ 
cube --- 1 deciirietrc ( 'apacity, 1 litre 1 cubic decimetre •- H>00 cubic centi- 
metres. Contains 1 kilogram of water = 1000 grams at 4 C. 

The weight of pure water at 4** C. (the point of greatest 
density) which exactly tills the litre is called a kiloyram , this 
is a little more than '2 2 Iba 

The kilogram is the unit of weight, or mas.^ It is divided 
into 1,000 parts, called grams. Thus the weight of a gram is 
part that of a kilogram; or 1 e.c. of distilled water at 
4'" C. weighs exactly one gram, and would exactly fill a cube 
the length of the inner edge of wliich is 1 cm. in length. 

Distilled water is very suitable for a stan- 
dard : it is easily obtainaVde, and its density 
at the same teuiperature is always the same 

The metric standard of mass is called the 
kdlogram. Originally it was so constructed 
as to have a mass equal to that of a litre of 
'vater at 4'" C., but now' it is defined to be tin* 
quantity of matter in a cylinder (Fig. I) pre- 

servfKl at the Conservatoire des Arts «*t des .. . 

Pans, in comparing the rrench and .'dcr: ikUogram 
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tlio British jnoasnroK, w*' fmrl 1 inch = 2*539077 centimetres; 
and similarly, a ceutim<*tr(‘ ~ -3037013 niches. 

It is often c.(ivisahl(‘ to he able to convert British into metric 
mcasureujenis, m- con\ers(‘ly. For this purpose the following 
approximate results are umTuI : — 1 inch -- 2*5 cm., hut 2*5 ^ ; 

Inmco to i-onvert inch(*s to c(‘ntimotr(*s, multiply by 10 and divide 
hv I. 'r<i convert otmtinH'tres to inches, multiply hv 4 and divide 
by 10. 


CONirAlUSON OF BRITISH AND METRIC MEASURES. 
Tvm.n I 


1 mOi 
1 f«M>t 

1 liulhuK t»»‘ 
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1 iiu'tn* 

I svjvian* iiK \\ 
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1 ( u)u<' iiu It 
1 ('uImc toct 
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1 Otlhjc (S*ut UlK'tro 
1 ruinr int'Uo 

1 

I 

I 

1 iKMJtul 
1 lit If 


1? ."t.V.l - (*i ntmiftif*' ai)]:)U>vimatfly. 

IS ffiitiuiftr<“<. 

.‘t !r>7 .‘ify'ntaiU’ 

ait .17 niflios fft't -- 3' 3;" iif.nrly 

I* F) 

n*Jl» ffutiuiftros. 

m ,11) fuluf A ntiiiiftrf't. 

'js am fulu<‘ f ‘fill I met If' h72'S fubtf inches, 

1 M litif^ 
era I uhif Hifh 

,‘r» am cnluf f< ft t aos cubic yards 
1 *> "la K’laiiis o;r»a oimcf''. 
a.'» 27 '1 2 lbs. 

<w;is p iuns 
ir»a vi puiu" 

1 7«‘»1 piiitvs 


Properties and States of Matter. 

Matter. What nmttt'V^ 'Fo this (juestion we cannot give 
u dotinUe and coiiclu'^ive answer. AVc refer to tC(>od^ iron, air, 
iratet\ etc, as diHbrcnt kiniK of matter, or as that which occupies 
space, and w hu h wc Jitc aide to recogiu/c readily hy oiu* or other of 
our senses 'Fhe various kinds of matter am very ditVerent in tludr 
character, stune are hani, others s*e// otlnu'S some 

others hntth' and no oh. Each dithn-ent kind of matter is 
called a ; a limited ]vortiou of matter is known as a boffi/. 

Perhaps, the he.->t dethiition of matter, and the one luo^t .suitable 
for our pr<*sent purpose, in. Matter is that which can be acted upon 
by, or which can exert, force. All tin • boilirs vv ith which we have 
to dt»al consist of a definite quantity of matter. Thi> matter acted 
\i|x>n hy the pull of tin* earth, or the force of attraction of the 
earth, gives ^e weight of a body. W"hat is calkxl tho mass of a 
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pound is a definite quantity of matter, l>iit the weight of a pound 
is a definite amount of force. It is important to nott* that f/tp 
wevjht of a hody meamren ifs ittaufty but the two terms, /nas.'i ami 
mdyhtf tire names of two (piiti^ dilTorent tliini^s. 

Properties of Matter — We ai’e familiar with matter in thn’e 
states — solid, liquid, and gaseous. The term fluid is often used 
to denote the ]att(*r tw o states. 

Some substances, such as w^ater, may exist in all tlnv'(‘ states 
at different temperatures. Thus, ire, a ‘'olid, wlien heat(‘d becomes 
waf^r, a liquid, and further h<‘ated becomes sfeatn, a gas. Per- 
manent rigidity may be said to be the distinguishintr eharacteristie 
of a solid ; unlike a licjuid, wdiieh t(‘nds to yitdd eitlim* gradually or 
at once to any small force or forct‘s t«*nding to change its slia]>e. 
A fluid cannot offer 'pcrnteno nf redtifanc*^ fo tr/n'clt ft nd to 

alter its shape. Many siibstanees wlinh a])pear at first sight to be 
solid are found to be s(‘ini-solid <*r pht^fir sn/^sfanrt s. 'I'lnis lumps 
of pitch may be }>iled in a \(‘ss<-l, and apparently are solid masses; 
but if left for a short tinH‘ under their own weight, or (Aposed to a 
slight rise in tenipr^rature, a ms<*ous liquid is formed, and is f<*und 
ibw’ing over the sides of flu* vess(‘l. 

The jtrincipaJ profcrf it'i tf nttttfn' e/v -- 

Extension, Impenetrability, Porosity, Compressibility, Co- 
hesion, Divisibility, and Inertia. 

Extension. — Pbery body oeenj>i‘*.- ‘^••me spaca* , tlu' amount of 
this space is the extension of tlie br)dy, w hieh m in all possible diiee 
tions. but all directions an* includial in tlie fhr^*’ iHnaasunis tf 
J*^n//fh, breadth, anti fhiekntss. 

Porosity. — The f*onstituont imiletaih^s ofany bodx are ^rparatcd 
by minute spaca^s or pores. 1'hii'> all boihe^ an* mort‘ (?r h'^s per 
meable to fluids. Tie* spae<‘s aie \isibh‘ m a sponge or in porous 
earthenware; l)ut although iii\isib]<‘ in water and ah'nhol, tliey 
can be shown by experiment to exist. 

Apparati’S.- -(lias-, tube (about 1 cm. bore by 00 cm. long, or 
y bore ^ .‘RV' long), om* (-nd sealed, water. m*th\lat(‘<l sj)int. 

TIxperiment 1. — Fill the tub<* alfout half full with wat<‘r : now 
«dd methylated spirit until tlie tube quite full : carefully <'h»so 
the open end of th^^ eitlier by placing tie* thumb over the 

open end or by u.sing a nglitlvdirting cork, and .shake the two 
liquids together so tliat they mix When tins i^ done, a diminution 
hi volume is fouml to have taken piaci- . tin* two li<|uidH when 
mixed occupy a .•^mailer space than before, as i-. shown by tie* 
empty s|>ace at one end of tlie IuImj. TTiat water is pm'ous and 
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will absorb air or ^aso':, is shown by the presence of gas in a 
bottle of soda-water. 

Impenetrability. — As two bodies cannot occupy the same space 
at the .saiiK) time, then? cannot be two particles occupying the 
sauu‘ space at the sauH' time. ID'iice impenetrability is that pro- 
perty of mattcT by which it occupies .space to the exclusion of 
other matt<‘r. This .statement seems to be contradicted by such 
hubstauc(^s as salt and sugar, which wdieri placed in water are dis- 
solved, and appunmtly dl.^appear. What happens is, the particles 
of salt or sugar go into the nuiiuto spaces between the particles 
of water. Tlu;y may b<‘ recovt'retl by bulling oil* all the water. 

Compressibility. Since all matter is more or less porous, 
ihi'ridon* under pressurii a given mass (or (juantity of matter) 
becomes smaller, (last's are mty comjirc.ssible ; liquids are but 
slightly com]>n‘ssible. 'Ihe com])i*e.«>sibihty of air. as in the air-gun 
or ill a child’s po[> gun, is well known. A cubic inch of air under 
a pre.^su^* of one atmo.sphen* a prt's.sure eijual to 147 pounds per 
.square inch wouKl have its vtilinm* nsluced on€*-half wlieii under 
a pressure of two atmospluTt's — that is, us volume would b(^ *5 
cubie indies. A cubic inch of water uudt'r the .same conditions 
would uiilv (frat tionally) d<s*reas<‘ its volume by part. 

Cohesion, 'riu* molecuh's t>f a solid are hehl together by 
an attractive buce which (‘xists and is exercised between 
similar molecules, 'Fhe form in whidi matter exists depends upon 
the cohesion of its mohauh's. In s<»lids tin* form cannot be altcrred 
imh'^s the soliil iH sub{eet(*d to eoiisiderable force. In Ihjuids 
then* Is little or no euliesiun, ami the form can be changed with 
very slight force. Thu.s a liquid jxmred into a vessel takes the 
shapf' of tin* vt'sstd. 

CbiM's alwavs tt*nd to expand, and till any ve.''.s(*] in which they 
are ]>hiced, exerting pn‘sNur<* again.st tlie sides. This is due to the 
repuUion. or absence of coheMun. between the molecules of the gas. 

Divisibility. -If a small quauiiiy of aniline red be reduced 
tt> tine powder in a mortar, tht* Muallest quantity of this tine powder 
can hv phvcetl in a largo quantity of water, and in this manner 
water can 1 h* obtained oontainiug the millionth part of a grain 
of aniline red, as slmw n bv the eolour, so much diluted as to W 
just visible. (loUl leaf can be obt.xiueii of a ipiarter of a millionth 
of an inch in thickness, and platinum wire of diaint'ter. 

Inertia. It is u matter of etunmon exfM'rience that everything 
lu the universe is apparently eitht*r at rest or in motion : also that 
matter resists exTeinal intluiuices lending to alter its conditnn of 
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rest or of motion. It lias no power to j)ut itself in motion or to 
change its state in any way wiiate\or. Any cliange must he 
produced by the action of some extei nal force ; also the (‘llect of 
a given force in communicating or in changing tlie motion of a 
body will be found to depend on the sizt* or tjnantit\ of matt(‘r 
in the body. This property of matter resisting cJiange is called its 
inertia. 


Slmmaio. 

Units of Length, tlio vartl aiul the iiietie. 

Derived Units, inch, ccntmu'trc, nnllmictic. 

Area, square inch or x^nart^ foot, Miiiarc ccntiiin tic 

Volume, cubic inch or cubic foot, (ubic c«‘iitnii< to-, oi t. tihic (Iccnncttc, oallid 

a litre. 

Solids and Fluids, the two kin<l*« of luattf i 

Solids, jK-rmarient and dchnitc ^hape. 

Fluids, duidetl into /o/ioi/.n and Lt'.utUs lia\f d*'1inltc \oluiuc, but 

no fixed shape, and are but \.cn vii^ditl\ coiriin**>^«-ibl.', hm« c oftMi callMi *‘in- 
coiupresftible *’ .and “inelastic*' coni)>i« "'il»h , ha\ mg in uIm-i d« hnil* 

form nor definite shape, ,ire ela-tic ^ 

Mass, actual amount of matti i ni a h</<h 

Weight, the fou e of gla\lt^ ni tin *airh pull 

^ ProjH ni Matin’, >tt 

Matter is that^\Il'ch (K'dipiev ,ind < .»ii U* a< o d u]i<<n i'\ “i whuh 

can evert, force. 

Properties of Matter aie Kv-tentfam, iatraiafif>'. i‘>a ('nmja'im 

iihtu, (’ohesion, Dit isiiai ttv, and/i/crOn 

Matter Exists in Three Forms or States .v.//?/, hiftnti, nul ^/ew, The 
siine matter may, under ‘•mtablc condition", b* made to a""una .ill time s 
m ."UeccHsion 

Solids ha^e a <lefimt<' ’'b.qi'e and voluiin : thi" "h.ip* .oid ^oluiie lemron 
michaupr<‘d nnle"S subjected to totc<‘ 

Liquids ha \ e a deh line vt»lum« otn no d^ fimt* \ licpod adapt- it^f-lf 

• ’ tlu -.haiH* of the ( oiitaining \ 1 LnjMifN .‘if. \fM -bglnlx fonij^MH-ibl 
hertoe, the c'onditt*»n> ir-maiuing tie -.ma , tii* \o|ui)i* ot a giMii ip.antn^ ' t 
hquid unulttaed. ho\\e\«i mm li it- -hap* ni.<\ i .o i 

Oases ha\e iH'ithei di timte fi.jia ijor -h.jpf 'I is* \ miv b* eat-il^ 
pr*H"wl, ivnd expand imh hniteh 


( 1 . 004 ) 
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CHAPTER II. 

MENSUEATION MEASUREMENT OF LENGTH. 

In ohUt to ineaHuro tlu‘ length of objects, we must have some 
unit length divided into a number of (Hjual parts, and by applying 
this unit to the objects we compart? their lengths with regard to it, 
and thus with (‘ach other. A pitjce of wood or steel so divided 
is calletl a amfe or rah. 

8cal<‘s, or rules as they aro sometimes called, are readily 
obtainable, and can bt? purelnised for a small sum. Perhaps the 
scale n\ost suitable and useful for our present purpose will be a 
steel straight-edge or rule divided into centimetres and milli- 
metres on one etlge, «aml into inclu'S and either ttuiths or eighths 
of an inch on the oilier. Such a scale is shown in Fig. 5. 



Fiii 6,- rtteul «Lraight edge or rule. A decimetre divided into 10 centimetre* 
and 100 miin metre* 


In the metric system, the unit of length, as before stated, m 
the mrirtK Thi.s is di\i<led into 10 equal parts, each part being 
called a deciim*tre. Such a length is shown at A B (Fig* 5), and 
is again di\idKl into 10 et^ual pans, each called a centimetre (cm.). 
For smaller di\isions the millimetn? is used, Ijeing of a cm., 
and is shown by the 10 eipiRl parts into which each centimetre ia 
divided. 
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Instruments Used to Measure Length. — The longest lines, 
marked 1, 2 10, divide the decimetre (Fig. 5) All into ten centi- 

metres; each centimetre is divided into 10 equal parts, and 
therefore tlie distance betwetui each small line on tin* scale is 
half a millimetre. 

In the lower part of the scale the longest lines, 1, 2, 3, denote 
inches, the next in length half-inches ; each half-inch is divided 
into 32 equal parts, enabling a reading to he made to tln^ 6-1 th of 
an inch; or the first inch or any other di\ision on the scale may 
be divided into 50 or 100 parts, so that a reading, if care is exer- 
cised, can be made to the both or tin* lOOtli part of an inch. Thus 
divisions in the latter case an' so close togt‘th(‘r that it is a dillicult 
matter even with a lens to read with c(‘rtainty. 

Although it is ))ractically impossible to men *-1110 a given length 
with absolute accuracy, in {‘\(*ry case a certain degree of accuracy 
is requisite. Thus in a dimension which may incliuh* several feet, 
inches, and fractions of an inch, an ('rror of ()re\en .J inch may 
not be very important. In some measurements an error of inch, 
or of a millimetre, would render the result use less. It is im- 
portant that the student should endea\ our to make all nu asurements 
as accurately as possible. When it is retjuired to transfer a rliinen- 
siou from the scale to jiaper,,^r >\li(‘n the scale is aj)p]ic*d directly to 
ascertain the length of an object, care should he t'xereised that the 
measurement is madt' as carefully as po.^sibh*. In the lattrT case the 
reading may be quite inaccin*ate, unless tlu* graduated edge of the 
scale is brought as clo.sely as possible into contact with the length 
*0 be mea.surecl, and the error due tr» parallax is avoided. (Par- 
allax is due to a cliange in the position (»f the observer, causing an 
apparent change in the niea.su rement.) 

Two methods which may be used to measure tlie length, A 15, 
of a block are shown in Fig. 6. If tin- scale is plac<jd flat on the 


1 . 2 | 3 

, . 5 ! , 6 | . 7 ] ,81 



A 9 

p 



Fiiii. 0.— Two molbods of using » 
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surface of the block to be measured, the thickness of the scale 
may prevent an accurate reading being made, as the divisions on 
the scale are not in contact with the line to be measured. A 
much better way to use the scale is shown where, as in the upper 
part of the diagram, the scale is placed with its edge on the 
surface. 

It is advisable not to use the end division to measure from, 
as it frequently happens that this division is slightly shorter 
than the others, or the end of the scale may not be cut exactly 
at right angles to its length. Even if correct at the outset, 
after being in use for a short time the end becomes worn, thus 
shortening the end division. This does not apply to boxwood 
and ivory scales, in which the zero of the scale does not fall on 
the end of the scale, but a little distance from it ; in such scales 
the end division may l)o used. 

To Copy a Scale. 

Ai*pahatus. -Strips of wood about x x 24" and x 1" 
X 48" revSj>ectively ; strips of oaixlboard ; steel millimetre scale. 

Expkkiment 2. — Bore a small hole, by means of a bradawl, 
about half an inch from the end of the strip ; drive a itout pin 
through the Ijole, so that it prqj(‘cts about a quarter of im inch, 
and at the same distance from the other end cut a notch ; fasten, 
by means of a piece of tlirtnnl or tine string, a piece of blacklead 
pencil into the notch ; also by means of drawing-pins fasten to the 
t^blo the steel scale and a strip of cardboard in line witli it, pix> 
ceed to copy it, by placing the point of the pin in each consecutive 
division of the steel scale and di’awdng a corresponding line on the 
cardboard. Every fifth and tenth line should be longer than the 
others. 

Expkulment 3. —Make a metre scale to read to centimetres. 

ApPARAtus,- - Some rectangular blocks of wood about S" x 4*" 
X 6", also one or two pieces of flat har-iron 3 or 4 inches wide, 
and any couveuieut thickness; similar pieces of copper or glass 
plates, etc. 

Experimot 4. — Ascertain the average len^ih of eadi block 
suppUeti to you. To do this, measure the len^hs (as accurately 
as possible) of the four cnlges ; to ensure accuracy, the mean m 
s^feral readings should be taken. Add the numbers m obtained, 
and divide by four to get the uvera^ length. In a similar manner 
dbtrnn and attrage ikiekftesit. From the data so 

obtained caleulaie in each case the volume. 
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Tabulate as follows : — 


Description. 

Mean Lenpfth. 

Mean Width. 

• 

Mean Thickness. 

( 

1 

Volume. 


In measuring a length by means of a scale, a difficulty occurs 
in reading with any degree of accui-acy the fractional j^arts of a 
division. Thus, if, as shown in Fig. 7, a scale were applieil to de- 
termine the length of-an object— although, as already stated, each 
inch division of the scale could be mechanically di\ided into 100 
equal parts, which would enable the reading to lx* made* to the J^of 
an inch — the lines Avould be so close together tliat it would become 
difficult to distinguish between them ; lienee an open scale, such 
as that shown in Fig. 7, is preferred, and tlu‘ length is seen to be 



Fig 7.— Length of an object Uhc of vernier. 


1*8 and a fraction. To obtain the fractional part, the distance 
Iietween a division is then mentally divided into 10 ecjual parts, 
and the length is read as T85 inches. If the end of the cylinder 
does not quite reach to the middle of the division, th<Mi the length 
would be 1*83 or T84, according as the observer judged the dis- 
tance to agree with the former or th<‘ latter ; or if a little beyond 
the middle of the division, the nmding would be 1*86 or I 87. 
There is a certain amount of error introduced into this method; 
hence when accurate determinations of tlie fractional parts of a 
division are mjuire<l, what is known as a vernier is used. The 
vernier is so very inqKirtant in practical w^irk, and es|X‘cially in 
lalioratory work, that it will be necessary to refer to it at some 
iengtiu 

Slie Vernier. — Tlie vernier, which is made in many forms, 
suppli^ a ready means of measuring accurately the fractional part 
of a division. 

One form is shown in Pig. 7, and consists of a graduated scale 
either in inches or -centimetres, having another scale, or vender, as 
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B-y/by s//e/e a/o/2j^ ibs ^Tsc/ua^e/y A £ 
Js trj// sefvi /ro//j vernier a /eu^^A equa/ to P divisions 
on the scale A fi is dividod into 10 equal parts on the vernier. 
Each /graduation tli(*n in the lower scale is less than each in the 
upper by inch; thus by using a \eriiier of the form shown, a 
reading to the of au inch can be made. To obtain the length • 
of an object, the zero on tlie vernier is placed as shown in Fig. 7, 
so that it is coincident with the end of tlie cylinder, and the 
length is at once seen to be 1*S and a fraction. To determine the 
frac'tional part, we look along the vernier and find that the 5th 
division is ot/incident with a division on tin' upper scale; hence 
the Heading is 1*85 inch. 

Ai*PAH.\'nJs -Small latlis of wood, strips of cardboard, and 
steel jnillimetro scale. 


E.xpkhimknt 5. -Using a lath of wood or strip of cardboard^ 
make a vernier to read to , of an inch 

Expkiumkxt 6. -Mske a centimetre scale n'ading millimetres, 
and a verni(*r to r(‘ad to j\, of a millimetre. 

Q Instead of dividing n hmgth equal to nine 

divisions into ten equal ]»arts, a length equal to 
ninetetm di\isions may be dividt‘d into twenty 
yjLj <‘qual parts. In this case (depending on the scale 
useil) the fi'actional part can be estimated to the 
“ i; 'JOOth of an inch or the l^tiOtli of a centimetre. 

' Iti Fig. 8, a scale, S, may be lixed to any suit- 
JL i' t# or support, the vernier, V, lieing 

:T® ^ clamped to a length of wire wdiich is being 

-~k ' subjivted to a tmisih* test. The zero on the 

J vernier and the zero on the scale, S, were 

O ”'Eh !' ^ coincident at tlie beginning of the experi- 

!’ meat with no load; when the wire is elongated 
i by its applied load, and the vernier moves to the 
!' position shown, the elongation is seen to be be- 
I; tween *5 and *6. Keferring to the divisions on 
a -j — f-HH the vernier, we timl at k the lOtU division is co* 
I incident with a division on the scale; hence the 
» reading is *5 -f »55. 

I For some purposes the graduated edge forms 

Flo s ^ ^ divided circle ; then the edge of the 

' vernier will have the same curvature, and move 
freely about the axis of the circle. 

In tins form it is often used to determine the fractional parts 
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in the measurement of angles, Iwt the principle is the sawo as 
already described. 

Compasses, or Dividers, — A pair of cow passes, or dividers, as 
shown in Fig. 9, may be used to transfer a given diuK iision, or to 



measure the distance between any two marks or lines, "riie two 
movable legs of the instrument an* pivoted at 1* by a fairly tight 
joint, W'hicli is capable of adjustment by the ser(wved washer W, 
or, in the cheaper kinds, the joint is tightened by a blow from a 
hammer. (The dividers may or may not Iuim* a sei’t'vv adjustment 
at S.) They are also useful where, on account of projections or 
cavities on the surface, it would lx* ditliciilt, if not nn})Ossi])le, to 
apply a scale direct. When used to tiansfer a dimension from a 
scale, one of the points i?> jdaceJ in a di\isi<ui of tin* scale, and the 
dividers are ojiened until the other jioint is at or near the re<juired 
Himension. A tinal line adjustment can tlien be made by means 
of the screw*. Tliis may be rotated either forwanis or backwards, 
gdving to the point with which it is conmcted an outward or 
inw*ard motion. 

Experiment 7. — With \our dhiders make a scale a deciim^tre 
in length reading to millimetres, and use it to mark rdf a distance 
of 3*4 cm. 

Diagonal Scale. Fractional }»aris of a di\isioii can lx* rjbtained 
by means of wdiat is known as a diatnmnl svalr. 

Such a scale, made of boxw^ood or ivory, is usually to l>e found 
along with others in a box of mathematical instruments. Un- 
fortunately, the scale is too 
often quite inaccurate, and 
therefore almost u.seless. As 
shown in Fig. 10, the upper 
and lower edges are divided 
into ten equal divisions ; 
then, by joining the zero on 
the lower to the division 1 
on tl>e upper line, we obtain 
a slofnng line, to wdiich the 

itfinaining nine lines are drawn parallel. The.se sloping lines are 
inteifo^d by horizontal lines 0 10, hence ^ach of thci equal 
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Upper divisions is inch, the division below is less by of a 
division; of = yob h'cIi ; the next division below is 

less by y*d of -= j 5 0, and so on. 

Thus to estimate the lengths of a given line or the distance 
bfitween two given points a and h (by using the dividers), we find 
that the distance extends a little beyond the 4th division, and, as - 
shown, is coincident with the horizontal line through 6 ; hence 
the distance is 1*46 inches. 

Experiment 8 Make a diagonal scale to show centimetres, 
and to read to niilliinetres. 

Experiment 9.- -Make a diagonal scale to .show inches, and to 
read to the hundr(*dth of an inch. 


Calipers. — In Figh. 11 and 12, what are known as outside and 
inside calipers ani shown. Thest* are useful when required to 



ascertain a dimension, such as the diame- 
t(‘r of a <’ylinder or .sphere, etc., to which 
an ordinary scale could not conveniently 
be applie^.l. In using calipers, it must be 
reineinbcred that the shortest di.stance 
across the cylinder is the diameter ; un- 
less a certain amount of care i.s exercised, 
a loufjt'r length tlian this will be obtained. 
If a scale be applied to the end of a cylin- 
der, the measurement should be made 
acTOHS the centre, else a »hort^ length 


p- than the diameter will be obtained. 


Rww Facility in using calipers is obtained after 

a little practice, the operator depending more on the sense of touch 


than on sight. When the diameter is obtained, the calipers are 
placi'd on a scale, and the dimension read otF. To u.se the calipers, 
hold the cylinder or other object to 
be measured in the left hand, and 
0 |>en the calipf*rs until the ends just 
clear. Next tap one of the outer 
limbs of the calipers until they will 
just pa^s over the object without 
exerting pressure to fort'c them, 

then apply the <*aUpt'rs to a scale, I lo. la.— sude-cAiiperi. 



and read off the dimension. In a similar manner the inside cali- 


pers may be us«h 1 to ascertain the .size of a cavity. 

Siide-OaUpers. — In what are known as sHde-cali{iers, shown 
in Hg. 13, the object to be measured is pkem! between the^jaws 
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A and B ; the jaw B is next moved up until in contact; tlien by 
means of the graduated scale shown, the dimension is known 
without having to use a separate scale, as required for the calipers. 
To ascertain the dimension with greater accuracy, a vernier may 
be attached to the slide-calipers. 

' Thus to determine the size of an object, such as a cylinder, 
with greater accuracy than can be obtained with the ordinary 
slide calipers, a \eniier may be attached to th(» inslriiinent, as 



in Fig. 14. In this instrument, by tlie use of the vernier 
attached, the dimension can lx? estimated to 
inch. 

By means of the two small screw.s, tin* jaw, A, is fastened 
to the fixed scale, E. The movable jaw, J, is in like maniior 
fastened to the sliding piece, 15, and catTies a vernifU' as shown, 
the vernier being k<‘pt in contact with the scaJ<‘ by tlx* steel 
spring, S. 

Apparatus.-- -Several .'-hort h*ngtbs of brass, iron, and copper 
wire of different diameters ; calij)ers, also slid<*-ca]i}verH. 

Experiment 10. — Several sltort cylinders, brass, iron, and 
copper, of different diameters, are provided. Fiml th<‘ dianx-ter 
of each by the outside eali|w*rs, and more accurately by tlx* slide- 
calif x?rs. 

Wire-Ckwige,— If the diainetei*s of small cylinders of im tal (or 
^eirciir, as they an* genemlly called) are required, then a s|X}cial 
form of califx»r is us<*d, known as a irirt-jaiKjG, This is usually 
a fiat piece of steel, with several o|x*run^rs in it round the 
c<lge8| to each opening is given a numlxT, instead of its wdikh 
Wing marked in fractional parts of an inch. The diameters are 
then known by numbers instead of fractions. Such a w ire-gauge 
may be circular, having the apertur<»s at init n als ahmg its cir- 
cumftfretice, or in the form shown in Fig. 15. *Tlius a piece of 
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wire which would tit the aperture marked d (Fig. 15) 'would be 
described as No. 1, B. W.-G. (Birmingham wire-gauge). 

When measured l)y the slide-calipers, the diameter is found 
to l>e 0*3 inch. It 
will be s(^en, on 
referenc<* to Fig 
15, that as th(* 
numbers on the 
gauge increase, the 
size of the win* de- 
creases ; thus the 
diainetiir of a pie(*e ^\hi<‘ll tits No. 17 is found to be 0*0o8 inch. 

The diameters anti an*as of corresponding numbers are given 
ill Table IT. 

Ai*i*au.vti;s as in Kxp<*riment 10. 

K.ki*kiumknt I l.- -IVst the ])ietos of wire supplied by the wire- 
gauge and also by the slide-calipers, and compare your results 
with Table II. 



susions. 
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Screw-Gauge. -Tliis consi.sts of a light frame, F, through the 
up]M*r part of which passes a screw of line pitch, rotated by .u 
milled head, H, tlu* rotation of H causing the sleeve, 8, to ad- 
vance or reetsle along the lix<*d cylindrical portion, A. When 
11 is turned, tin* end of the screw*, M, approaclH‘S tin* tixed end, N, 
and the scale at A is gradually covered hy the sleeve. With 
rotati(Ui in the oppositf* tlirection the conv(*rse takes plac^. 

The sloping edge of the slt'cve, S, is dividisl into 50 divisi 
If the j)itch of the screw*, M, be half a millimetre, it follow*s that if 
^3 Ji makes one turn, M will 

■ ' L_„jinr. advanc’o or recede through 

that distance. This distance 
is recorded hy the scale on 
A, which is a scale riwling to a millimetre : 
thus, as shown in Fig. 10, the distance be- 
tw<*en .M and N is 5*45 nnllimetrr*s ; if the 
ht*ad, H, be rotate<l in watch-liaiul direction 
until the zero on tin* sleeve, 8, is coincident 
with the division 5, tlie distance will 1^ re- 
duced to 5 millimetres, and the .scale A w*ouhl record that amount. 

Wlnui M and N are just brought into contact, the zero on the 
sleeve shoukl exactly cover the zero on the scale. To adjust the 
instrument^ a small sci-ew-tlriver inserted at / will cause N to 
move forwards or backwaids us re<juired. As one rotation of 
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the sleeve will increase or diininish distance between M and 
N by half a niilhmetre, and as there are fifty divisions on the 
sleeve, a rotation through one division vill caus(^ ]\I to move 
5 ij ^ " tJo j it is possible to measure to the yo^th 

of a millimetre. 

• To use the instrument, first bring the ends ]\1 and N into such a 
position that they lightly grip an objoct placcnl ])etw<*en tliein ; note 
the reading on the scale, and the fractional j>art on the sleev(* S. 

Care must be taken not to force tlie ends tightly togetlu'r, or 
the screw thread may be injnr(‘d. 

The student should carefully examine, and see how “backlash ' 
is prevented in a scr(‘W'-gaug(% and coinjiare th(‘ arrangement with 
any ordinary bolt and nut, or any common apjdication of a screw, 
such as a screw-press. In these apj>licatioi!‘- it vill b(‘ found tliat 
the screw can be rotated a short distance to the right or left with- 
out causing tlie nut at tlie end of tin* scrc'w to ad\ance. This 
*‘losi’‘ motion is called “ backla^Ii.’’ If the sen'w-gauge be exam- 
ined, the arrangement by vliii*!! th(‘ nut is (li\ided and held 
together by a taper-nut is w(*ll worth attention. A sk(*tch should 
\hi made in the note-book. 

Apparatus. — S ev(‘ral short lengtlis of win* of difierent dia- 
meters ; calip(‘rs ; scr(‘w-gauge. 

Expekimknt 1*2. — Several pic'ces of \\ire are provided; estimate 
roughly the diameter of each, (a) Find the corresponding numlier 
on vrire-gauge, ami th(i tliaineter from Table J I : (It) find the 
diameter by the calip(*rs , (/•) and nionj accurately by the screw- 
gauge. Tabulate as follow ?> 
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Table I I.~ IbuMixoifAM WiRE-tb\L(,E. 

N*>- 12 3 4 5 ~ 7 ^ 0 10 11 12 1.3 

n>ch<*«, “SKie -tSM -S!© -liJS -VJD i»3 1<.3 'J«gf Kv 109 im 

,14 in 10 17 20 21 22 2:i 24 25 26 

•m V72 -oest 'if-ts -ifjs m'j tm 'tsa i3so m 
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Measurement of Length. 

Apparatus. — Throo or four wooden discs, about an inch thick, 
of djtferent diaiiH't(‘rs, some thin paper, and a scale. 

Expkrimext l‘L — To find the circumference of a circle, and 
to verify the formula, circumference = tt x diameter. Measure 
the diameter of a disc by the scale or the calipers. 

(a) Wrap round the <lise, as tightly as possible, a strip of thin 
paper ; tlion with a pin or the point of the dividers make two 
iiolOvS whoi'o th(' <mds of the strij) come together. Unroll the 
paper, and ear(*fiilly measure the hmgth between the holes so 
obtained. Do this for each disc. Tabulate a.s follows: - 


njanu'tfi 


(’ucinnfcK nee 


C’'ircnmfprfnoe 

Diameter. 


Tu each case the number obtained in the last column will Ihj 
and a fraction. TIu* fractional part will depend on the accu- 
racy \\ith which the numhers are obtained, but will be found in 
all eases tt") bt? not far from .‘Mi: hence the length of the cir- 
cumference of any circle contains the hmgth of the diameter 
IM4 times. 

Thiis number dt'notes the mfio of (he circumference 

of a rin'fc (o ifn diomifrr, and is usually rt*prt‘sented by the Greek 
letter tt (pronounced pi) 

The value of tt to fiuir places of decimals is 3T416; the 
number 31 is oftt n used for convenience. , 

(6) Make a mark on tin* etlsre of the di.se ; put this mark on a 
division of the scale, and roll the tlisc along the scale (taking care 
tiiat slipping does not (x*cur) until the mark again touchea the 
scale. Note the distance travelled, and tabulate ns before, (c) Or 
make a mark on the disc and on the paper; put the marks 
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together, and roll the disc until the mark again touches tlie paper ; 
measure the distance between the first mark and the second, and 
proceed as before. 

Exercises. 

1. The diameter of a circle is 2 feet 4 inches ; find tlu* circimifercnco. 

* 2. The circumference of a circle is 31*410 iiitlies ; find its diameter. 

3. The diameter of a circle is (»*4 cm.; find its circumference. 

4. The circumference of a circle is 30 cm.; find the diameter. 

T). How many tunis will a bicycle whei'l 20 inches diam(*t(’r ni.ike in gtun^ 
10 times round a cycling ground of 500 feet d’amt'ter? llow' many tiiru.s would 
the wheel make in a journey of 10 miles 

Diameter of a Sphere. — Tt would be very ditlicult, if not im- 
possible, to measure the diameter of a sphere by means of a scale : 
but by means of calijiers, or by two rectangular blocks of wood and 

a ^(•ah^ it can be (hderniiiiod. Care 
must be taken that the (‘iicls of 
the blocks an* at right angles to 
the sides. Thus in Fitr 17 the two 
IJocks apptjar to touch along tlie 
\\h(>h‘ surlaets hot if A bt* turned 
over, so that the top face conics 
to the bottom, as shown in Fig. 18, 
the blocks are seen to be inac<*urat<‘. 

To measure the diaiuetin* of a spliere by two blocks (Fig. ID), 
having ascertained by testing, us explaiiuMl in Figs. 17 and 18, 
that the ends of the block.s 
are at right angles to tin* 
faces, and therefore parallel 
to each other, th(^ sphere 
is placed on any horizontal 
surface (such as the top of 
a table), the ends of the 
blocks are brought into 

contact with it, and the distance apart, which is the diameter of 
the sphere, can be measured by a st-ah* as shown. To get the 
faces of the blocks in a straight lim*, they can eonveiiiently be 
placed in contact with a third block of wixid of any convenient 
dimension, or along a straight edge, such a.s the edirc of the 
>icale. 

Apparatus. — T wo block.s of wo<k] witli s<|uare ends, 3 or 4 
edge, length 5 or 6 inchf^s ; wcmmI or metal sphere*, 3 or 4 
inches diameter; a few bicycle balls: stale; calif)ers. and screw- 
gauge.' 




Fro. 18. 
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Experiment 14. — Measure diameter of sphere {a) by calipers ; 
(/>) by using the blocks, as shown in Fig. 19 ; (c) place the bicycle 
balls in a row, touching each other ; measure the sum of the dia- 
UK^ters, and dividing by the number used, obtain the diameter of 
one ball ; test by using screw-gauge. 

The Screw. — If a triangle ABC (Fig. 20), having its base 
equal to the circumferenco of the cylinder D E, be wrapped 



round it as shown (Fig. 21), and in such a manner that the 
p<»int J> is made to coincide with C, the edge A 1> w ill form .'a 
spiral line or curve lound the c yliud4*r. 

Apparati’s. -A cylimhu* 2 tu* 3 inches diameter; 
sheet of thin papc'r ; drawing instruments. 

Experiment 15. — !Make a right-angled triangle 
AC B such that the base BC = circumference of the 
cylinder (Fig, 20). (bit out the triangle, and wrap 
it round the cylinder (Fig 2 1 ) so that the line C A is 
at right angles (he base of the cylinder, and B 
eoincid<‘S with C. 'I'lion it will Iw^ found that AB 
mak('s a spiral line or curve round the cylinder, and 
-E starting from A. in travelling once round the cylinder 
along the spiral line, we shall tra\el down the cylinder 
through a distance A V, 

If w'e assume, a projecting thread fixe<l to the out- 
side of the cylinder, and coinciding with A B, as shown 
in Fig. 22, we obtain w hat is called a thremJy and 

the distance A C is then called (he pitch of (he ftcrew. 

If BO Iw of sudicieiit length, the line A B will make Fi«. 22. 

seveml turns round the evHuder, the pitch being — — 

number of turns, 

Tlie distance A C in any sen’w* is usually either accurately known 
or can In? detcrnuin^ by applying a scale ; hence it is possible to 
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move in the direction of the axis of tlie cylinder any desired frac- 
tional amount. Thus a movement along the curve A 11 equal to 
* one-fourth AB would correspond with a distance para 1 ltd to the 
axis of the cylinder equal to one-fourth the pitch. 

A hollow cylinder, having a groove cut on its internal surface 
•of such a size and shape 



that it just fits the screw 
thread referred to, is 
called a “ nuV^ 

What are known as 
the square and the V 
thr(‘ads are in general 
use. Fig. 23 shows a 
portion of a bolt with 
a square thread and a 
section through the nut, 
and Fig. 24 a V-thread 
holt and nut. It will bo 
noticed that the j/itrh is 
comparatively small. If 

the bolt B (Fig. 24) bo prevtnited from rotating^ and th 


Fit.. 23 —Square tlncad and Rpction of nut. 

nut N 

make one rovolu Jon, th ^ distance bet\\e(‘ii the inner (*dgo of th(‘ 
nut and bolt-head is in(*reas<‘d or diminished by a distance equal 
to the pitch of the screw. In a similar manner, any fractional 

part of the ])i(ch is olUaineil 
by rotating the bolt threugb 
tlie corresponding j)art of a 
revolution. 

A P P A R A T l * 8, Se \ era 1 

bolts f>f dillereiit diameters 
^^y? *!: ’ i ’ ^ > etc. 

K\ PKU I M KVT 1 G.- - Deter- 
mine and write down the 
bolt sup[>lied to you. To do 



f B 

) 



HEAO 1 

J. 

) 


g 


-V-thread bolt and nut. 

of the screw thread for each 
this, count the nuinljer of thread.s (or ridges) in a measured length 

/ . .1 distance e 

(ae, Fig. 24); then pitch = . , . . , . ^ i • 

® ^ number ot ridges between o and d 

Veiify your calculation by rotating the mit a definite number 
<^f tumsj and meftsuring the increa.sij or diminution of tlie distance 
between inner e<lge.s of nut and bolt-head. 

Pitch distance' inovf-d 
* number of turns’ 
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Measurement of Cmnred Lines. - The length of a curved line 
call be obtained with sufficient accuracy by tlie method shown in 

Fig. 25. This con- 
sists in dividing the 
B curve into a num- 
ber of equal chords — 
Al, 12, 34,....17B 
, ^ — as shown (the dis- 

luj li.i - nt of a cur\ed line , V n 

tances may be 2 or 

3 mm, or *2' or X apart). If, a.s shown in Fig. 25, 18 divi 
sions an* roquircd, and the distance between each is *3', the length 

A B i.s ~ 5*4' approximat(‘ly ; the error involved is the sul>- 

Htituti(»n of a straight for a curved line, and the distance obtained 

is too short. A better result is obtained by using a ])iece of 

thread or tine string, 

a.s hliown in Fig. 2(1 ^ 

t )ne end of the thread \ \ 

IS matle to coineide \ ^ " 

with point A, and a ^ i - ‘ 

small portion of th(* j \ f j(^ ^ ^ 

thread to correspond . \ / ' X 1 

with a short length / ^ ^ j 

of the curve. Hv ^ ' r ' . 1 

shifting the position / ^ ^ \ 

of the tiimTK an- , ’ ® . 

other ^horP length / 

is added, until the . ' 

length of the thivatl / i 

A'C repre.>ents the / j 

length ot the eur\e ^ ~ 

ui* to 0. I!y n'lwot- 

ing tin* process the wdiolt* length of the curved jK)rtion may be 
obtainetl, and measured by laying tlie used part of the threat! 
on a sade. 


ExPKruMKVT 17. — The dt*velopi«ent of a eone i.s shown in 
Fig. 26. Ih*tennine and write down the <liainfti‘r of the base and 
the height of the cone, (The height can be ch'tennined by taking 
the slant side ami the ra<iiuH of base as two sides of a right-angled 
triiuigle ; the third sitle is the height r€»quiretl.) 

Expkkimext 18. — Draw a circle 3*2 cm. nwlius, and use the 
tw o methoils shown to find its circumference. 
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Apparatus. — Wood cono, base 3 or 4 iucIks dianietor, height 
5 or 6 inches ; pencil, cornpa.ss(‘s and scale, and tlircad. 

Experiment 19. — Draw two lines, one on flie slant side of a 
cone from the veilex V to a j>oint A on the cdgi' of the base, tho 
other frgm A to the centre of tin; base : also draw a line on a sheet 
of pa{>er equal in length to V A. Ihit the line V A on the cone iu 
contact with tho line on lh<‘, paper on a flat suiface, such as the 
top of the table; roll the cone until the jioint A a^ain t(uulies the 
paper ; call this point B. ^^'itll youi coinpa.ss« s — V or V B as 
radius, centre V — describe an arc of a circh*. A B. Join V to A 
and B; the sector YAB will be the dcM-lojanent <»f tin* surface 
of the cone as iu Fig. 2G. 

Experiment 20. — Find the length of th<‘ cur\etl line A B, and 
divide’ by 3} ; the nninber .so obtained will bo* tlie diameter of tho 
base. This can be \erith‘d by im'a- ^ 

suring the diameter by the .scale. 

Measurement of Angles.— When 
one line, BQ (Fig 27), inter.-^eyts ' 

another, AC, at point C, tin* open- \ I y 

iivg l>etwe(‘n th(‘ lines is called the ^ . 

angle BCA, or, if only one anulc ^ ^ ^ 

is formed at C, simpU t]a‘ angle* ( 

A length such as tjje di*'tiince hetwM*n twn points can ho 
estimat(Hl a.s so many limts th<‘ unif (feet oi metr(‘s), hut this 
is not suitable for angHhtr tuf ut. In this (*ase a con- 

venient unit of mea.suroment is a {ififra In Kxperirtieut 13, the 
circumference of any circle was f«mnd to 1 4* .3 IllG tunes tho dia- 
meter. If two ]u»iuts la* taken on tlu* tircumfenmce of a circle 
so that the length of arc iK^tween them js p.iri of tin* ( ireum- 
p fenmee, the anud subtends d by thi.s arc at 

© the centn* of th circle is talhd a d*Hjr***, 

^ 111 Flu 27, if .\ C be j^ifKluced to any 

point K, ami I> be dinwn ]>erpendicular to 
A A E, thi n the an;:h s A (‘ i> and DCF are 
equal to each mher, each being a ri^bt 
aniile. This is divide<l into iiinety equal 

parts, each calh'«l a df’gr^p* .• each degree m 
^ further .suhdi\ idtsl into vsixty equal fiarts 

r#o. sa ealJeil iniiwtes, and each minute again into 

»ixty equal y»arts calletl 

If, with C as centre, and w'ith any raclius such as CA. a circle 
Ije dead^ibedfmnd the two diameters A E and D F be dmwni at right 

3 
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angles to each other, the circle is divided into four equal parts, 
as shown in Pig. 28, each angle, A C I), D C E, etc., l>eiug 90 de- 
grees ; hence the circle represents 3G0 degrees, or 21,600 minutes. 

It is convenient to write degrees thus “, minutes thus and 
seconds thus 

If we assume CB to be a pointer or finger centred at O, 
and to be made to move round the circle in the opposite direc- 
tion to the hands of a clock (this being the positive direction 
in which angles are measured), then when B is at A, the angle 
which C B makes with C A w ill be zero, and written 0“ ; when 
B is at D, the angle is 90" ; when at E, is ISO** ; at F is 270*’, 

and at A is 360“. 

When it is re- 
quired to set *out or 
to measure an angle, 
a protractor is used. 

Protractors, tw^o 
forms, of which are 
show'll in Figs. 29 
and 30 (for reading 
^or marking off de- 
grees), are made of 
Fin •><) -- Protract OT various materials ; 

but horn, boxwood, ivory, and metal are those generally u^d. 

In each case, to 
measure an angh' 
such as the angle A C B 
(Fig. 27), the line 
0 A w ould be plfK'ed 
on CA, with 0 on 0. 

The division on the 
protractor coincident 
with line C B w'ould 
indicate the magni- 
tude of the angle. Fio. so -Protractor. 

Conversely, to set out an angle of any given number of degrees, a 
line such as C A is draw'ii (Fig. 27), and the edge 0 A applim to 
so tliat 0 is on C, the edge 0 A coinciding wdth C A ; the division in- 
dicating the number of degrees required is marked off and joined toG 

ExtBCISK. 

Set oat ft pvotrftctor. Fig. 29 or Fig. 30, on ft strip of celluloid, horn, or stiff 
»»d use it set out angles of 30', 45*, 120®, and 135®, Test the bust 
four named ftngtes with ft set square. * * 




CHAPTER I IT. 

MENSURATION— AREA AND VOLUME. 

Mea4surement of Area. — Tn ineasnrin.i^ an^as of surfaco.«i, ])Iane 
or otliorwiso, the unit used is tlio aroa of a s<|uarf‘, (‘hHi side of 
which is unit length ; tins unit length nia\ be an inch, a centi- 
metre, a foot, etc. 



into two equal triangles ; the area of c*ach is thendon^ •'> square 
or half the area of the rectangle, hence the area of each 
Imse X altitude « x f/ 


tiiaagle 5 


I1»c result K evidently true 
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when the triangle is what is known as a right-angled triangle. 
We shall see that it is also true for any triangle. 

When th(' numbers which represent the lengths of the ad- 
jacent sides of a rectangle are not whole numbers, the, rule 
P can easilv be verified. Let H E 
.‘^.‘5) be a rectangle, having 
its sides IT I> and B E equal 
to *2*5 and 5 4 cm. respectively. 
Mark oil’ 5 cm. from B to 1), 
and 2 cm. froni B to A ; through 
th(‘se ])()iuts draw lines parallel to 
the sides of the rectangle ; then 


;a| 

a 5 






H 


3-4 

Fm Nrea *)f a n't'tantjk* 

area of r*'etanule A B is 10 square em 

The shaded n‘c( angles on the upper edg(* have each one side 
I cm., the other side *5 cm., and as eaeli, if j)laeed on a square 
of 1 em. sid(‘, would exactly co\er one half of it, the area of each 
is A H(j. cm. j henc(i the area of the five rectangles from H to C 


IK .“i V '2*5 s(j. cm. • 

The two rectangles I>(? and <iU hav(‘ (*a'*h one side 1 cm., 
the other *1 em. ; if put on a stj. cm. side* by side, they would 
eo\er e\a<’tly of it that L, the urea of i)(4 and G is *8 


sq. cm. 

KnudlN, if we take a s(j cm and divid<‘ each of the two 
sides into tea equal part'* as shown ;it I) P (Pig. 35), make a 
tMpml to 5 and o /' etpial tu 1 of these divisions, then area of 
/> /*iK ! of a sq. em., or *2 sq. cm 

IliUice total ait ji BM 2 5-1- ’S f 2 13 5 sq cm. We .should 

ha\e obtained iUo same result by multiplying 2 5 by 5*4: 

2*5 X 5*1 13‘.5 sq em. ; benee the rule is vm'ified. Any other 
numbers can be seltsUeik ami the vcritication obtained in a similar 
inannia*. 

ExrKUiMKNT *21. Measuie the length and width of a {>age 
of your note book and tiiul area ; also find the area of the 
top of your work table or the top of vtuir instrument case. 


Faiuci^K'*. 

1, <nvcn tliat a metre ixjiiiiB k'et. find the numlK^r of .Hcjviare metres 

in KH)U square vanU. 

2. Fiini tile h'liirtii <4 the diagim.d of a sfmar^* area fclmt of 

a rv*i’taiigle of i». and lU feet Uuw rt‘sjnrti\i4y. 

IS. Draw «« ii^iunnnl .a trianj?le ha vine sides 5. 4. and 3 units rasiToet- 
ivrljr ; the angle the kmgf'st >ide will W found to lie a right angle* 

Fn»Vi* that the area of the »<|Uare on the hkIo 5 units lung is ec|ual to«the mxm 
of the jvreas on the other two ^des 
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Area of a Parallelogram. 

To find the area of a parallelogram, and to prov(‘ that the 
= a X b, where a is the altitude and h the l»a.se of tlu^ j>aral- 

leIo<;rain. — In any paralltdo- 
giain, A1>('E'(F)^^ .‘U), let 
C I> an<l D (t he dra^^n perpen- 
dicular to r> , prodiu*(‘ JO A 
to meet p(*rpendieular from B 
ni G ; then the trian^ih* (1 J» A 
has the three Kid<s (J B, BA, 
and A(i fapial to tla‘ three sidi's 
Fia 34 — Area of a parallologram I>(\ CIO, and 10 f) respect - 

iv(dy of the triangle DOE; hence tin* two tiian^les (iBA and 
DCE are equal in all respt'cts, by lOuelid, Itook I , Bmji 1 and S. 

Now if we take away the triangk* ])(n0 fjom A B 0 J"0 and 

add instead the equal triangl(‘ GBA, wv obtain a redangl<‘ 

G BCD, and the area of the jjarallelogram is ecjual to the area 

of the rectangle. The n'sult also follows at once fnan lOuelid 1. 

35; the area is base x altitude - a x b It follow s tliat 

the area of the triangle BE(\ which is half the jmralh'logram, 

• /base X altitudeX , , i i i i i 

IS I I, and by Euehd, 1., rio]), 11, eueb 

triangle i.s half the jiaralhdfigram. Draw ih<- j>araIlt‘logrnm on a 
sJu'ct of cardboard, cut out t he 
triangle BEC, place the tii- 
augle B E C in one ]»an r)f a 
balance, and the remaining 
half of the parallelogram in 
the other pan : the balancf* w ill 
Wt in equilibrium, showing 
that the weights are etpial. 

Use of ^uared Paper. — 

A piece of pajxa’, as will l>e 
seen on reference to Fig. 3,>, 
ts divided by two .s<wies of 
parallel lines at right angles 
to each oUkt. The distance 
Wtw*een any two consecutive 
lines k usually inch . 
thus the sheet of pa[K.?r is 
divided into a large iiumlxjr of little square 



Ki a*. 

the area of each 
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lieinjs: (xjy)^ = 0*01 sq. inch. In some cases every fifth or tenth line 
is a different colour from tlu^ rest, enabling the number of squares 
in any given space? to be easily calculated. 

Area of a Circle. ‘ 

Api*auatus. — Pencil compasses; squared paper ; cardboard. 

Expkiumkxt 22. — To find tin? area of a circle and to verify 
the formula area = tt x (rad)% {a) Draw a circle with radius 
H". It wdll be found that the circle encloses a number of 
complete squares afid s<|uar(i.s intersected by the circle. Estimate 
for tho.se intersected the total area which lies within the circle, 
and 80 obtain tin* an^a. I'liis will b(? found to be about 7 square 
inches. Proee(‘d in a similar maiinor for circh^s of 2 inches and 
4 inch(*s in diametiT. 

Tabulate a.s follows : - - 


lliwim's 

* ^ Area 


diati)** 

i ! 

i 

1 

1 . .. 

ir 1 

1 

2" ! 

1 ’ ' 


The numbers obtained in the last column will be found to be 
either eonsUmt or nearly so, and each equal to tt =* 3*14. Instead 
of 3 1 1, its e(|ui valent, .31, may \yc used. Thus the area of a circle 
- sr r-. Idii.s may be shown by drawing two cindes on a sheet of 
cardboard. One is cut out as carefully as 
possible, and the other is circumscribed by 
a square as shov\ n in Fig. 36. By draw- 
ing two diainetm's, as .‘^howny four squares 
are obtained, tlm area of each I>eing r®. 
If now O/f Ih* made equal to iO A, and 
a fi 1m? drawn parallel to O D, the 
shaded portion is S(a*n to l)e 3r® -P 
or 3ir-. 

Out out the shadtal j>ortion and verify 
that the weight, anti therefore the are% 
is ei]ual to that of the circle of same 



Fia. Sa—Arw of dnde. 


sise cut from the same sheet of cardboard. 
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(6) The radius of a circle is 


diameter 


hence if we, write r for 




Also 


3U16 


and ~ 


radius and d for diameter, ~ . 

4 

*7854; hence 7rr- = ^ x cf- — *7854cf-. 

• 4 

of the circumscribing ^square A BCD, each side of which is 3 
inches, is 9 sq. in. ; the . ^ 


Thus in Fig. 37 the area 







, 


J 



area of the circle is clearly 
less by the amount indi- 
cated by the shaded corners. 

If the ai*ea of these corners 
be estimated by counting 
the small squares (remem- 
bering that the arofi of each 
little square is *01 sq. in.), 
they will be found to be 
nearly a quarter of the 
whole area, more exactly 
■21 ; hence the area of 
the circle is not 3x3 
but 3x3- *21 (3x3) a] 

proximately, or 3 x 3 x o i 2 

*7854 « 7*068. 37 

(c) Determine as in Experiment 13 a length A l> equal to 
half the circumference of the circle =- x radius. Draw a rec- 
tangle ABEC, of which the sides C A and A B are half circum- 
ference and 
radius respect- 
iv ely ; then 
ar(*a of rec- 
tangle equals 
area of circle 
sss TT X (rad)-. 

{d) Divide 
the circle into 
a number of 



e d c b g e 


A 

Pio. 3S. 

small triangles a h o, h e o, . 


0 B 


as shown in Fig. 38 ; arrange 


tliein so as to till up the rectangle A B E C by }}taciiig alt the 
triangles a 5 o, e o, . . . . which make up the semicircle o A, 
on the side E C of the rectangle, and a corresponding nuniWr on 
B A ; ^tbese will be found to just fill up the rectangle. 
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The area enclosed hy any irregular boundary or figure, a.s 
shown at 8 (Fig. 39), can be estimated (approximately) when 
drawji upon squared paper by counting the 
squares wholly or partially enclosed by the 
boundary. A much better method is by the 
use of a phiniineter. As these are easily’ 
obtainable and are u.sually fairly accurate, 
it is a<lvisabl(‘ to use them whenever possible. 

Planimeter. — Tin* area of any plane 
figure IS most easily obtained hy means of 
a planimeter. As will be seen on reference 
to Fig. 40,*thero arc two limbs, each termi- 
nating in a needle-point, 
and resembling in some 
respects a pair of di\id- ^ 
ers. Tlieis' is also a re- 
cording apparatus at W, 
consisting of a graduated 
wiieel with a vernii*!' at- 
tachment and a gr.ulu- 
ated dial, Wlu'n used to ascertain the arc'a of any plane figure, the 
end F is fixed in some convenient ]K>siti()n, .so as to allow the point 
P to be easily carried round the profile of the figure whose area 
IS to be determined. Whilst P is made to follow the boundary of 
the tiguro, the wheel W, and dial rotating, will at the end of the 
operation (wiuni the point P startinir from .some point and tracing 
the boundary arrives at tin* starting point) record the area. 

Each rotation of the wheel W causes the dial J) to move 
through j\jth of a revolution. As the wheel is divided into 100 
equal parts and the vernier on the edge has a length equal to 
9 of thesf* divisions <iivifie<l into 10 equal parts, it enables the 
reading to lx* r<*ad otl’ to 3 plaees of decimals 

To employ the instrument to find the area of any irregular 
S (Fig 39), tin* jioiut F fixed in such a manner that P 
oan travel round the figure ; then P is put into some |>oint p; the 
reailings of the wheel and dial are noted, and the boundary is 
cart»fully trae<Hl by P until p is again n‘achf*d, and the readings 
of wheel and dial are now taken: the dilference between tliesc 
and the former readings will give the area required. Marks 
are to Ikj found on the bar E P, so that the instrument can be 
adjusted by means of the screw 8 to give the area either in 
square inches or i^uarr centimetres. 




Flo ,^ri —Area of an 
irregular ISgure 
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To test the accuracy of the instrument, und also to obtain 
the necessary freedom and proficitmcy in its use, it is advisable 
to draw a square or rectangle of any convenient dimensions, put 
the point P at an angular point, note the readings on the dial 
and the wheel, carefully trace the protih* by the ])ointer P until 
tbe starting-point is again reached, again note* tlie readings on 
dial and wheel ; then th(‘ diflbrence between this reading and the 
first will give the area of the tigure. If P lx* taken round the 
figure again in the same direction, t\\ice the an^a will bt‘ recorded. 
If it now’ l>e taken tw’ice round in th(» ojiposite direction, the 
reading will be the same as at the conimeiiccmciit, if care has 
been exercised in travelling round the area. 

Curved Surface of a Cylinder. 

Apparatus. — Wooden c\lind(*r d or 1 units in diameter and 
5 or 6 units in length : cone of the .saim* dimensions ; sh(‘et of thin 
paper, and scale. 

Experiment 23.-— To tind the lateral surface oi a cUinder, 
and to prove that lateral sur/ttcr - 2 r r x /, wlu‘re /' is radius 
of base and / is length of cylinder. 

Take a strip of thin pap<‘r erjual in length to the cylinder, 
w’rap the paper tightly round the cvliiKh'r and mark by a pin 
or point of dividers two boles where the talges of tin* pa)>er meid ; 
unroll the paper and draw through th(‘ holes two parallel lines 
perpendicular to the edges of the paj>er, thus obtaining a rectangle, 
the base of wdiich is the circumference of the cylinder and its aJti* 
tude the length of the cylinder: - 2-/* /. ’I'o obtain the 

total surface, add on the areas of the two ends by hxpf riment 22. 

Curved Surface of a Cone. 

To verify that the curved surface 
of a cone is half circumference of base 
X slant side = tt r x ? ; or curved sur- 
face *s rr X /; area of base - ttW 
by Experiment 22 ; hence total sur- 
face — rr(/ 4- r). 

If a cone be laid on a horizontal 
surface, m a tal»le top, it can Ixj 
made to roll, the vertex A remaining 
statiomrv*. _ 

TakeVny point B on the base of a rone (Fig. 41), and draw a 
straight line from B to the vertex A j on a sheet of squarexi pap r 
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draw a lino equal in length to A B, and with A as centre, A B 
as radius, draw an arc of a circle ; place the two lines so described 
together, and roll the cone until the point B meets the paper again 
at ly ; join B' to A. Obtain the half-circumference of the base by 
Ex|>erinient 18 ; use the length so obtained as the base and I as 
the height of a rectangl(‘. ; next obtain the area of the sectoV 
A B TV ; show that the sector is equal in area to the rectangle. 

Apparatus. — Wooden cones 3 or 4 units diameter, 5 or 6 units 
in height ; pencil compasses, scale, and squared paper. 

Experiment 24. — Verify the rule for total surface of a cone 
(«) by calculation, (/>) by rolling the cone on squared paper; 
(r) make a hollow cone of pap(»r into which the solid cone will just 
iit, cut to .shape, and v(‘nfy as before. 

Ellipse. 

To verify the foi^umla that the area of an ellipse ~ ab, where 
<i is the .s<‘mi-maj<ir and h is the sc^mi-minor axis of the ellipse. 

Any of ilm vvtdl-known methods may be used to draw the 
curve. The following is a convenient mctho<l : — Dniw two lines 
(Fig 42) A 0 A' and BO B' at right angles to each other, afud 



B. 

Fio. 4l-*Ellip«e. 


make O A O A' semi-major axis, and O B O seini* 
minor axis. With centre B, radius O A, describe arcs of 
intersecting A A' at S and S' ; the two points m obtained are 
the foot 'of tlte eUi|ise. Put in as Brmly as 
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three pins at S, B, and H* respectively ; tie a piecf' of string 
tightly round the three pin.s ; next take out tlie pin at B, insert 
a pencil, and, keeping the string taut, draw tlie cur\e. In any 
ellipse, PS -h PS' (or sum of the focal dishiiices) lias the same 
value for any point on the ellipse. From this ]u*opt*rty the above 
construction is derived. Ibsiiii; the same loop of string, and placing 
the pins further apart, the ellipse hecfmies (dongat(*d or flattened ; 
as the pins are made to approach each oiIkt, the cur\e becomes 
more and more like a circle. When the pins aie close togt ther, tho 
two foci coinciding, a circle is obtained. 

If the ellipse be drawn njion .s<juareil j)aper, the area can 
be found approximately by counting tin* eiiclostal sqiiart'S, as in 
the case of the circle. In Fig. 13 tlie two axes are *J 0 and 10 
units respectively, the anai is 157 s(juare units; or if drawn 
upon cardboard, and the major and minor axes, A A' and 15 B', 
be draw'll, then lines drawn parallel, and^oiiyiing tiu* curve, 
four rectangles are obtained, is shown in Fig. 13, eacli of 



Fiu Area of t 

which is tho rectangle on the semi-axis, making the shaded 
portion as shown equal to 3i of these nctangles, ami cutting 
<>ut the shaded portion, also cutting out an <*liipse of the same 
71 size, the <*f|iiabty in the area can bo 

i t obtained by weighing. This is ex- 

• \ [dained on page 44. 

2 \ Expkuimkxt 23, Determine the 

area and mean height // of the hyj^o- 
h ** i • i ^ tlietical indicator diagram shown in 

f t i i : ITpTTT-ry-r-rr-i This can be obtaiimi by 

7 I » L the diagram to scale, adding 

1 ^^**** r... ^ the id ordinates showm by dotted 

Itm.u. lines, using a long strip of paper and 

fimidking oC at the end of the lirst the length of the second, 
fttid ad im until the total length i» obtained* * This measured 
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and divided by the number of ordinates (10) .vill approximately 
give the mean height h, Tlie ni(‘au height h umliiplied by the 
length of base A B will give the area. Or draw the curve on 
srjuared paper, and obtain the area by counting the enclosed 
S(piarc*s ; having thus obtained the area, compare mean height 
obtained by dividing the area by lengtb of base A B with thaf 
previously obtained. 

Areas by Weighing. 

Apparatus. — Sheet of cardboard, scissors, scale, and draAving 
instruments. 

1. (hit out of th(* sbe(‘t of cardboard supplied to you a rec- 
tangle 4" X 2", or sich's 1 cm, and 2 cm. ; ascertain in each case, 
as accurattdy as jou can, the W(*iglit in ounces or grams, and 
divide by H. The number obtained will Ix' the weight of a sq. in. 
or sq. cm. 

2. Out of the same sln'ct cut out a circle 3^ or 3 cm. diameter : 
vt'rify by weighing tliat tlie area is (approximately) 7 sq. in, or 
7 sq, cm. ; (»r cut out one of the .s(|uares from the rectangle pro- 
\ iously used, lea\ ing 7 k(| units ; put the rectangle into one scale 
pan and the circle* into tlu* other, and the two will he found to very 
nearly balance eaeli other 

From the ahovt* sheet of cardboard in which the weight of a 
unit square is known, tind by w^eighing the art*a of the follow^- 
ing tigures. Draw tin* tigures on the cardboard, cut out carefulh^ 
and weigh. The arf*a of any irregular ligur® can be obtained 
in like manner, • 

3. An ollipst*, mahn* axis 10 em., minor axis G cm.: and — 

4. Tlie given liypothetical indicator diagram (Fig, 44), 


Measurement of Volume. 

It is often necessary to read the scale di\ision at the surface 
of the wab*r in a narrow tube such as a burette; but the 
surface of the liquid, especially in a nan*o\v Acssel, is not fiat, it 
I IS curved at every point where it touches the 
glass \esseb In the case of all the liquids with 
w hich we Ijave tod«*iil, except mercury, the sur- 

N ®fao(* is concave, as show n at A (Fig. 45). This 
will not affect the reatling, if dwisioti^ of the 
sfiiJe iff (hnt whi*^h fV the part af 

tM. the enrtW The et/e tdtmttd fje 

o„ a hnf ,rUh nutrk. ‘ 
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In the case of mercury, the surface is convex as shown at B 
(Fig. 45), and similar precautions are necessary. 

Apparatus. — Sphere of any convenient size; hnrette graduated 
into cubic centimetres; stand; beaker (or tumbler) having its intcu*- 
nal diameter slightly larger than the diameter of the sidiere; right 
})risms of wood, bra.ss, or other suitable material. 

Experiment 26. — To find tlie volume of a splmre and to verify 
the formula. Volume of sphere \ tt r ‘-K 


For this puqiose a burette, as shown in Fig. 46, may be used ; 


this is usually graduated in tenths 
of a c.c. (cubic ccmtiniotre) in a 
downward direction, so tliat the 
number of c.c. run off is easily 
estimated. A small strip of 
gummed paper (such as a strip 
from a chemical lalx*]) may be* 
used to make a mark on the side 
of the glass ve.s.sel, the di.stance gf 
the mark from the base of the 
vessel bedng a little gr(‘aier tluin 
the diameter of th(‘ sphere; so 
that when filled to tin* mark \Mth 
water, the .sphere is completely 
covered. 

To obtain the volume of the 
splu're, having noted the height 
of the water in tli<* burette, v>uter 
is run into the glass vessel until 
the lowest part of the curved jn^r- 
tiou is coincident with the up}Kr 
edge of the strip or mark. The 
numlier of c.c. run otf will give 



Fio 4C V'ohirin’ of n 
or an Jrn'(^ular (^nl 


the volume* of tin* v f*sst?l up to 


the mark; tlie water is emptied and tin* spheie iu'^erted It v\ill 
be found that the number of c c. of water required to fill to tljo 


f>aiiie mark is less than in tin* j»revious cu.^e. The diflerenca? be- 
this rea<ling and the )a^t giv(*s tin* volume of the spliere 


in c,c. It will l»e found advisable to ctner the surhice of the 


Jvphere with oil, to prev^ent the water .‘-ticking to it. A [»in fixed in 
the sphere may l>e useil to lift it out or to hold it immersed 

With the outsiide calipers ineiisure as accuratedy as possible 
thedHameter of the sphere, and from the formula J ?r r ^ calculate 
the volume ; compare the result w ith that obtainedi by experiment. 
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The volinue ituiy also l)e obtained by the use of a meamm 
yrtud\iai*d in c.c. ; the number of c.c. is observed, as shown at A 

(Fig. 47), then the spheres 
is carefully inserte<]. The 
number of c.c. displaced 
by the sphere is shown 
by the alteration in the 
height at B. In this, as 
in tlio preceding case, the 
lowest part of the curve 
is read off. The methods 
liere described, and also 
the burette in Fig. 46, 
may b(‘ used to determine 
the volume of any irregu- 
lar solid (F, Fig. 47), such 
as a pebble, a fragment of 
glass, etc., and in any case 
where it would be viu'v <li(rieult, if not impossible, to obtain the 
\olutnc bv dir(*ct measimuiuMit. 

Volume of a Eight Prism. — W(* hri\e found that the area of 
a rectangle is the product of hmgth x breadth ; hence the volume 
of a solid rcAjtaiij^lc is llu* j»roduct of hngtli x breadth x height^ or 
area x height. 

Ascertain us act urutely as you can the three dimensions of 
length, breadth, and lu ight (by taking tlie mean of severa^ead- 
iiigs), and obtain tlie volume by multiplying together the numbers 
so obtained ; the numbers mu.st all be expn'ssed in the same units. 
Verify as shown in Experiment 26. 

The volume of a cylinder - {arett of < (height) 

Arrvuvrt'S' -As in Experiment 20, In addition, a cylinder 
having its hciglit and diameter etpial to the diameter of thesphera 

Exckuiment 27. — ^A> in tin* last exerciM*, obtain the numlx^r 
of c.c. of waUu' tanpiirod to till the \ess«d wlien the solid is inserted, 
and subtraet this from the volume of the vessel in c.c. ; the differ* 
eiice gives the volume of tin* cylinder. 

Verify by calculation, and tabulate— 

Ittaght of Cyliadt r 
Ihameter of (Cylinder 
Ar«»a of lijfese Trr- - 
i Volnme . .tt r - ^ h 
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If the height and diameter of base of cylinder are oaeli equal 
to the diameter of the sphere in the previous exercise, it will be 
found that the volume of the spliere is two-thirds that of the 
cylinder. Another method of proving this important result is 
as follows : — 

• Volume of a sphere = two-thirds the volume of the circum- 
scribing cylinder. 

Apparatus. — A beaker, having its intej'iial diameter equal to 
the diameter of the sphere. 

Experiment 28 . — Place a small ^triJ> of gummed pa])er on the 
l)eaker so that the distance from its upper ed(*»‘ to 
the bottom of the beaker is (‘qual to the diameU r of 
the sphere ; divide the distance from the bottom of 
the beaker to the strip into three ecjual jiarts, and 
put a similar strip to the last at the first division a ; 
till up carefully to level a witli water; insert the 
sphere, and the water will be found io rise to the 
upper level b, , 

Measure as accurately as possibl(‘ the diaimtrr of 
tha sphere by outsidt‘ calipers ; find by calculation 
the \*olume of the circumscribing cylinder. Pwo-tliiids of thh 
should equal the volume of tli<» spheic 

The volume of a cone — Irr'V/ — ’ of <tf 

same fieight and bane). 

Apparatus. — A s in previous exerciM*. In addition, a cone of 
the same height and base as tin* cylinder. 

Eil»EKIMENT 29. — Insert the e\ Under, and note the voIuiik; of 
water required to fill the ve.s.sel up to tlie maik ; remo\e tin* 
cylinder and insert the cone (it will be found that the volume 
of the cone is one-third that of the cylinder): nfite the \oluiite of 
the cone in c.c., and verify the experiment \>y calculation, thus — 


I 


Vedume of a Cube - aK — A cuU- i.s a solid ha\inir six ecjiial 
squares fop its faces. A iiuxiel am easily l»* made by cutting 
out of stiff }>ap<jr or cardl>>ard the six squares shown at B hi 
^ ig. 40, and bending along the lines shown. A solid is obtai»e<l 
as aimwb at S. 


Base of Cone 
Height of Cone 
Area of Baj»e 
Volume . 



Fi(» 
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If the edge of the cube S be made of unit length (1 foot), then 
a larger cube of edge equal to 1 yard can be divided, each edge into 

3 equal parts as shown. The 
area of tlie base is seen to be 
9 square feet, and as there are 
9 perpendicular rows haviiig 
3 cubes in each row, there are 
altogether 27 cubes in all. 
Hence, a cube having its edge 
equal to 3 units (inches, feet, or 
centimetres) has a volume of 
27 cubic units — inches, feet, or 
centimetres. 

If the edge of a cube be 
a units in length, the; volume of the cube is a x a x a — (vK 

The Volume of a Pyramid -- \ {area of haae) x {height) == 
ak — Jf we imagine th(‘ centre o of the cube (Fig. 50) to be the 
common vertex of (J pyramids, <*ach of 
tlu* G faces of tin* ciUx* forming the 
base of a pyramid, th(‘ voluim* of each 
pyramid is J the voluuu' of the cube; 
hence the \olume of eaeii pyramid is 
I n\ 'rii(‘ h(‘ight of ('aeli ]>yraniid is 
.* a , ibuh the v’oluine of a pyrami<l can 
be writtiMi as \ (area of bas(‘) height. 

From this ihe \Nell -known riih' is 
easily remembered. 

Arr.\K\TUs. —As used in Exjieri- 
inent 20 or ExfMU*ilUent 28. The .50.— Volume of a pyramid, 

follow ing solids: right prisms, cube, triangular prism, and square 
prism ; also a cone and a sipiare pyramid. 

E.\rKunfi:.NT 30. -tlbtain by nieaburement the volumes of the 
soliils, and verify your results by apparatus u.sed in Experiment 
2G or 28. Tabulate as follows : — 



i Knm.. rtr SrtUa Vol, by j \ol. of Water { \o\ after Solul 


\ ol. of Solul by i 
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VoltuudS of Li<|uids. — One of the most coineniont iiK thods for 
measuring a volume of liquid is to use a gi-aduated ves^d, such as 
the burette described in Fig. 4G ; its use is suflicientJy obvious. 
A measuring flask is shown in Fig. 51. As may be seen, 
it has a narrow neck with a mark round it. Win n lilhal 
with water to the inai*k, it contains exactly 1,000 o.e., or 
1 litre, if the temperature be that indicated on 
the flask. As will be shown lat(*r, th(‘ \olume of 
water is not constant, but ex 2 )an(is v li(‘n lieated 
and contracts wdien cooled. Another instru- 
ment w'hich may be nstal, called a pipette, is 
shown in Fig. 52. When tilhal to the mark at 
temperature 15' C., it contains 100 c.c. d'lie 
pipette is also used to insert or witlidrav a. 

Pi^, .n. -Mea- small quantity of lujiiid into or tV(un a vt*ssel. Pe* '.2. 
sunng flask. APPAliATt s. — llalaiice and Wfdgbts. 

Experiment 31. — To test the relation in the metric system bt*- 
tween the mass of u quantity of liqyhl and its \ oluim*. ( 'ounterpoise 
the weight of a beaker or tumbler with l(‘ad shot. From a gradu- 
ated nieasure or burett(‘ run in 100 c.c. 
ofwater,add weiglits until equilibrium 
is restored; the added weiglits give 
the weight of 100 c.c. of water, from 
w hich the w’eight in grams of 1 c.c. or 
1,000 C.C. can easily Jie caleulate<l. 

Measurement of Mass. — For tli(‘ 
measurement of mass an oidinaiy 
l^ftlance, as show^n in Fig. 53, or a 
spring balance, Fig. 59, is used. 

Thus, if two bodies are placed one in 
the pan P, the other in Pj, then if 
the force of gravity (or tlie earth- 
pull) is such that the two Ixxlies 
balance each other, they contain 
equal quantities of matt< r. Tin* 
balance consists of a Ie\<‘r v<^ry 
accurately made, having a hanlened 
steel triangular knife-4*dge jias.''ing 
through the centre of the Iw^aiu 11, 

&ud resting on two fiat steel plates on 
the top of the pillar p. 







I w Mil"!®" 21^ 

i 


Tm iC - B»Iinnice an^l weighii. 

When not in use the pans rest on the 
stand ; the turning of the handle h raibcfi the beam* 15, ami allow'^ 

4 
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it to swing freely ; a long pointer rigidly attached to the beam 
and moving in front of a graduated scale, S, enables the operator 
to judge when the two masses in the pans are equal ; a small 
adjusting screw, a, enables the pointer to be set at zero when the 
pans are empty. A balance should be carefully examined ; the 
manner in which the beam is supported by knife-edges at the 
centre, and the pans hung on knife-edges at the ends, should be 
^noted. 

In using a balance, the following rules should be observed : — 

1. See that the pans are clean ; dust may easily be removed by 
using a camel's-hair brush. 

2. The pointer should be at the zero of the scale ; any slight 
adjustment can easily be made by the adjusting screw a, 

3. The body whose mass or weight i.s required must be put into 
the left-hand pan, and the weights put into the right, by means of 
the forceps ; they must not be touched by the fingers. The body 
to be weigluni and the weights used must be put in the pans only 
\\ hen the patis are resting on the. stand. 

4. The weights must not be placed anywhere except in the 
pans or in the box. For the fractional parts of a gram a small 
piece of cardl)oartl is us(*ful —this is ruled into squares, having the 
value.s of the small(‘r weights writtui on it ; on this the weights 
can rest when not in use. 

5. In using the* balance, it is not necessary to wait until the 
pointer comes to rest ; the weights in the pans are equal when the 
painter swings to <*qual distances on each side of its mean or zero 
position. Having ascertained that the weights in the pan are 
sufiicient, note the missing weights fro»n the cardl)oard and the 
box, and check the calculation as these are replaced. 

6. The bahmet* must 1 h* handled with great care ; if subject^ 
to rough usage, it soon b(»comes useless for axjcurate work. 

OomparisoB of English and French Weights, 

Apparatus. — BTalauce to weigh to 01 gm, and to cari§^tip to 
100 gm. ; a%o a common balance wdiich will take weights up to 
3 or 4 lbs. 

Experiment 32. — Verify the latter ]>art of Table I, ; that % 
complete the following ; — 

1 gm, ~ grains ^ ouacea 

1 kilogratn - ~ Itoatids. 

X grain grams. 

1 pmmd " graiiift. 
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Test the accuracy of the gram weights by ])iittiiig the 50 gm. in 
one pan, the two 20 gm. and a 10 gin. in the other, etc. 


Exercises. 


1. Take a piece of copjier or brass wire, measure its leti}?th. carefully fonn 
into a smalbsized coil, determine its vohiiiH* by the a])}>aTutus slKmn eitlier m 
Fig. 40 or in Fig. 47, obtain the cross*section, and by Tabic II. the curn‘spondir»g 
number on the wire-gauge. 

2. Ascertain as accurately as you can the area of tlu* mtenial cross-w*ction 
and the bore of a glass tube, on<‘ end of which is sealed or closed by a cork, and 
which contains a Iroow'n quantity in c.c. <*f w ati^r. 

3. Measure the diameter of a piect* of w ire supplied to you bv w rapping the^ 
wire round a rod (a lead-pencil will serve) ; each turn must lie closely against 
its neighbour. Measure the length / occupied by these turns ; count tlie nuiul»er 
of coils of the wire, wdnch should lie not less than 12. l)i\ ule J Iw the nuiiihfU’ 
of turns to get the diameter. 

4. Using any convenient cylindrical tm or otluT vessel, to dciermine its 

internal volume in cubic inches to a ceitain scratch or e(lg«* of a slri]) of |>a}>er 
on it« inner surface. Fill with water to the muik ; tmd approximately the 
weight of a cubic fcxit of w ater in lbs ; also, as 1 (iibic inch * 10*31) c c., \eiify 
your weight in mms. • 

5. If a gallon measures 277*274 cubic iucIks, and a litre is repn siuitcd 
by a cube whose edge is 3 037 inches, show that tin* minds i of pints in a litre 
18*1 *70. 

d Tlie major axis, A A', of an ellipse is 4" ; the minor axis. H IV, is 3" : draw? 
the curve, and pro\t* that the ana is appioxiiuatcly (S]ual to tliat given l>y the 
formula, area = tt* < 2 x IL 


HlMMAin, 


Chrcuiiiferenoe of a circle 
Area of a rectangle 
Area of a square 
Areaefatzlangle 
Area of a parallelogram 


=r tt (diameter) ~ ird - 2-?*. 

=r product of two adjacent edges a and 6 -- «* x h. 

~ a x a - 

== \ (base) X (altitude). 

= (base) (altitude). 


Area a circle 

"S'j .4 


aurliaoe of a cylinder 
iurface of a cone 


Of a sphere 
Volume of a sphere 
Volume of cylinder 


= TT > (radius squared) r- 7rr- - ^ c/-. 

~ (circumference of base) / (length) - 2irr x f. 

- I (circumference of base) - (length of slant 

side) - TTr X /. 

^ 4 7rr\ 

- \ TTf^ - 3 (rimtrtiftrrtf/iHU ri/hwhr}. 

■r (area of base) ^ (height) = rrr^. 


VeSmueofeene * (area of base) ^ (altitude) v h, 

Vslitme of a pyramid • - ^ (area of base) / (altitude) - 

A balance is um'^I for the mea^fprcnn nt of urns. 



(Ml AFTER IV. 

HYDROSTATICS. 

Density and Relative Density, or Specific Gravity. — It is a 

coimnou tliat tHjual volumes (►£ differtuit substances 

have (lifloreut wciijlits ; thus, comparing four })al]s of equal size, 
of cork, iron, lead, aud platinum r^^spectively, although the t'>oluine» 
of the balls ara apatf, the iron ball is about thirty times the weight 
of th<‘ cork, (he h'ad about one aud a half times that of the iron,, 
and the platinum lU'ivrly twice as much as the lead. From this 
we infer thnt the junttov m the h<‘avier bodit*s nmst be more closely 
jjucked together than in the lighter ones. 

When two botli('s of uneipial size, but of tlie same material, 
an* eompartsl, tiie weights are directly proportional to the volumes; 
so that if we had two cuIk'h of cast iron, the huigth of edge of one 
being twice tliat of tin* other, both tin* volume and the weight of 
the larger would b(* <’ight times that of the smaller. 

If the three <limeusious (length, br(*adth, and thickness) of a 
body are ascertained, eithei' in <*entimetre.s or inches, the product 
will give the volume in cubic centimetre.s or in cubic inches; this 
multiplied by tin* vvtugbt of unit volume gives the weight. Con* 
vei*sely, ii the \u*ight and volume he known, the weight of unit 
volume eun lie obtained by tlivitling the former by the latter: 

When subjivtetl to gn‘at pn‘Jvsure, tin* volumes of the lighter 
IxHlies can he made vt*rv niucli less. Thus, a mass of cotton, 
which is a light and bulky material, under great pressure may 
ha VO its density inereasetl, and In* made tirra and compact as a 
piece of wood, and, like that material, it can l>e cut and planecl 
In a similar manner such materials as hay, straw, etc., are pre- 
pared for trans|K>rt. 

That pro(>eibV of matter by which equal volumes have uneqfiiai 
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weights is called dnisify, and is used for ctnn paring ditlereut sub- 
stances with each otlier. The density of a body is the mass of 
unit volume. 

In the metric system the unit volume is th(‘ cubic centimetre, 
and the density of any sulistance is the number of grams in a 

*cubic centimetre. As 1 re. of ivatev U'n<fh< 1 yram, the dmsft// 
of water w iinity. 

In the English system the unit volunn* usually usetl is eitlier 
the cubic inch or tlie cubic foot. A cubic foot of water weighs 
nearly 1,000 oz., or 62*5 Jl)s. 

All bodies have the two [)roperties of mass ami \olumc; the 
mass is the product of tin* (huiMty and tlie volume, or 


density x v<»lunie 
deiisit\ 


mass 
mass 
\ oJiim(‘ 


The practical measure of the mass of a body is its a’t lyltf ; 
hence we may write tin* density as th(' weight of unit volume. 


or 


density - 


weiglit 

volume’ 


It is often more c*onv(*ni(‘nt to lofvr tf> the relati\<‘ density of 
a substance as compared with a .stamlar<L Tin* srandaid a<h»pte<l 
is W'ater, on account of its being obtainabb* at any ]»]aee in a 
pure state, its homoireneity, and its in\ana>>l(* density at a gneii 
temperature. 

If the mass of any volume of a given substance be <|eter- 
inined. and the mass of the same \oluine of water, the lirst 
divided by the second gi^es tlie relative density, or. as it is usu- 
ally called, the specidc gravity of the substance A better term 
would be the specific mass ; but as th<‘ intensitx of ura\ity is tin* 
i^ine for all kinds of matter, spf'c[fw gravity lias tht* same 
value as the sjm'ijie mass. Hence, 

mass of any \olurne of substance 

Specific gravity ^ r ‘ i ^ 

mass of eijual volume of water 
weiirht of anv volume of substance 
~ weight of e<|ual volume of water 

In the following table the density and specific gravity of a 
few aiil>stances are given : — 
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Table HI. 


*WaWr.. . 

I/aad. 

Platinum 

Wiwipfht iron. . 
Oast iron. 

Fir . . , 

Mercury.. . , 

Goppi-r* , 

Oak.. . . 

Cork. 


Weight of a 
cubic foot 
m poundn 


62*5 
711*6 
134.3*9 
4H5 0 
451 
3*2 

843*75 

.5.52 

58 

15 


1 Weight of a 
j cubic inch 
: in pounds. 

Specific 
^ gravity. 

1 *036 

1*00 

1 *41 

n*40 

1 *775 

21*53 

•28 

7*78 

•26 

i 7-23 

•018 

i *52 

*489 

1 13*()0 

1 *318 

1 8*85 

! *034 

i *93 

j *008 

; *24 t 


Apparatus. — P risms or culios of the following materials : east 
iron, wrought iron, lirass or copper, wood, and wax. 

E.xpeuimext 3.3. -Weigli the prisms or cubes provided: their 
widghts ar(^ diirereut. Calculate the volume of each. Hence find 
th(* wf'Ujht of a cuhU cpufinnire and of a cubic inch ; also find the 
specific gravity in each case (as the edges of the prisms or cubes 
may not be alike, the mean kuigtb, width, and depth most be 
ohtaineil). Write th(\so in columns hcad<‘d as follows : — 

i ‘ Mean Ifiijarth. ! Volume in o.c\ ! Weijrht of jirism I Weig^ht of 1 

j Material. , 5b*An width. 1 or in culne orcuboin gramn c.c. or 1 
’ ! Mean depth, j mclies. or txm ndh. j cubic inch. 

1. Measnn^ as accurately as vou C4!ui the length, w idth, and thickness of the top 
of your w'ork-t4a|ble, and from Table III. find the weight in pounds or in grants 

Kk.^mplk.— I f the internal diiiu*nsion.‘*“U'ngth, width, and depth—'of a ds- 
ten^ are Ah 3} feet, and 2\ fi^vt r«»s)K-ctivelv, w*hat w^dght of water will it 
contain? If it contains SDO gallons, what is the height of the w’ater? 

V.ilninc = i> ^ -j- X g 

WviKht 1 , Y V 5 X fi2i 21!e-8 Hw, 

Height > 2*18 feet. 

Exercises. % 

b A cubic ftK>t of copper wreighs 560 llis. It i« rolled into a 9 <|nare har„ 
49 feet long. An exact ctim* is cut from the bar. What h ita weightt 

2. If 13 <mbic feet of stone weigh one ton, find the w^elfht of a cMxt metm 

3. "^Tlie nwan diameter of a brass cylinder is 3*18 cm., its mean length filfi 
cm.* Its wdglit 413 gw. Find its vditme and density. 

Diameter ss ST8 ; area » *7854 x ^ 7*93 aq, cm, 

Y4nmo » 7*92 X 6*18 « 48*96 c,c. 

413 

Density »g;^«8*4a 
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4. Find the weight of a cast-iron ball 5 inches in diameter* 

5. If a vessel holds a gallon of water, what wcMght of mercury will it 
contain ? 

6. If the internal dimensions of a tank are 5' x 4' x 2^?', how many gallons 
of water will it hold ? 


Bextsity of a Liquid. — This can be ascertained if the vessel 
is of such a shape that its volume, up to a given mark, can be 
determined by direct measurement. 

(A cylindrical vessel, such as that 
shown at A, Fig. 54, is convenient 
for the purpose.) Fill the vessel up 
to the mark with the liquid, and tind 
its weight. This gi\ es the Avcdght of 
a known number of cubic centimetres 
of the liquid, and the weight of 1 c.c. 
can he found. 

Apparatus. — Any convenient cylindrical vessel ; balance and 
weights; water. 

Experiment 34. — Make a mark near th(‘ tof) the vessel ; 

find the mean internal diameter, the moan depth, and calculate 
its volume in c.c. 

Counterpoise the vessel ; then carefully till it with water to 
the mark, and tind its weight in grams. 



Weight of 1 


weight in gnirns 
volume ill c.c. 


Example. — I f mean internal dijimeter 

then area ^ x (.3']8p 

Volume -r 7*92 y f>-18 
If a-eight when filled w ith water 

then density - 


2*1S cm., and height (> 18 cm., 

7 '92 wj. cm. 

48 c e. 

48 iK) gin., 

4H-9(; . 

48 DG 


If convenient, instead of weighing the water, a known quantity 
(filling the vessel to tlie mark) can be run in from a burette, as 
shown in Fig. 46. ... 

To obtain the weights of equal volumes of two liquids, either 
a daak or a l>eaker may be usecl It i.s necessary for accurate com- 
parts^ that the level of the liquid shall he coincident with a mark 
on Urn side or neck of the vessel ; this may lie either a scratch on 
the g^ss, or rtie upper eilge of a strip of gummed paper attached 
to tlie gliMis. Owing to the curved form which the surface of the 
kssumes, it is impossible to prevent a small in adjissting 
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the level If the cross-section of the vessel at the place where the 
mark is made is large, as shown at A (Fig. 54), then any small 
error in the height will mean a much greater error in the weight 
of the liquid than would bo the case if the cross-section were 
narrow, as shown at B ; hence the inaccuracy is diminished by 
the use of a narrow-necked vessel. 

To determine the s[)ecitic gravity of a liquid, two kinds of 
llasks —or specific-gravity bottles, as they are called — are used. 
On<) of tluso is shown at B (Fig. 54), having a volume as large 
as convenient, and terminating in a narrow neck, on which a 
mark is nuule 

WIkmi uh(s 1 t») d(‘tcrmine the sp(*cific gravity of a liquid, the 
flask is placed m tli(.‘ left-hand pan of the balance, and carefully 
couut(‘rpoised by small h'ad shot and tinfoil ; the flask is next 
tilhid to the mark witii pin‘<‘ wattT, again placed in the pan of 
thf^ halane«‘, and weights added until the balance is in equilibrium. 
The added weights denote the weight of the water. The flask 
is emptied ami dri(Ml ; wlien drv\ it is filled to the mark with the 
liquid, and tin* weight obtained. Then 

, . w’c‘ight of liinncl 

j/ic (intrifu ~~ . 

' * •' '' w eight ot w ater 

To a\oid th(‘ trouble of weighing the water, the flask may be 
marked as shown in Fig. 55, the numbers 
indicating that at a tem|ierature of 15'" G. 
the volume of water which the flask con- 
tains when tilled to the mark is 100 C*C* » 
100 grains. So that if, a.s before, the flask 
is counterpoised, and the w^eight of ,the liquid 
in grams obtained, this, divided by 100, is 
th(* specitic gravity required 

A more accurate and convenient method 
by which the specitic gravity of a liquid can 
be obtained is by means of a 8peciflc*gravity 
riii. 6,** -FiswkWMsieo bottle, shown in Fig. 5G, which consists of 
c.c,ofwai*;i small bottle or flask w'ith an accurately- 

fitting stopper through which a fine hole has l^jen made.* This 
allows the excess liquid to out when the stopper is inserted. 
When used to determine the sjw‘citic gra% ity of a liquid, the bottle 
is can^fuUy counterjK>ised and the weight obtained — (1) when Ailed 
with waU*r, (2) when filled with the liquid. 

To avoid the lass of tune taken in filling and emptying the 
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M*ater and the subsequent drying, the weiglit of water which tills 

the bottle is often marked on it as shown ; ^ 

and if it contains, as shown in Fig. 56, ex- 

actly 100 C.C., then the weight of the liquid nTJl 

which fills the bottle, divided by 100, gives / \ 

the specific gravity. For English measures, J 

the number would indicate in grains the / \ 

weight which fills the bottle. \ 

The specific-gravity bottle may uKo b(i / j 

used to find the specific gravity of sand, I ‘ / 

.small iron tacks, or any substance ^^hiL•h \ y 

can be obtained in fragments and is not ^ 

soluble in water. This may be efiectecl as i n.. :*t)-s pen iic grant) 
follows : — untie. 

1. Weigh a small quantity of the substance tlie specific 
gravity of which is to be found, 2. Tnsertint: this (|uantity in the 
bottle, it will displace a quantity of water e(|ual to its own weight. 
The weight of the water displaced di\ided by the weii(ht of the 
solid is the specific gravity required. 

• Ex.\Mri.K.— The weight of aqimntityof n.uid 12gin. w hen m a Ujule, 

a.s ^hown in Fig. 5(); and the Uittle being hl]<*d up with wuti i*, the tot.il weight, 
sand and water, is hmnd to In* 98 giu. Find the "jM-eifie gi.mtv «if th<> sand. 

Weight of a volume of w ater <*(ivial to that of the.H{ind 112 - 98 14 gni. 

specific gravity '8‘>7. 

Apparatus. — Balance and weights, 100 or 50 c.c. tlask ; tur- 
J'HJiitine, methylated spirit, distilled water, milk, liydroeldoric aei<l. 

Ib^PBRlMENT 35. — Determine the specific gravity of the liquids 

supplied. 

Tabulate your results thus : — 


1 Weight when I Weight when I ^ ! Weiglit ' 

j «Ued.,.h I nued.hh of. 


j Methylated spirit | 
Hyditx^loric acid . . 


Turpfantiae 


5S 
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Exercibes. 

1, An empty flabk is counterpoised in a balance : when filled w|th water to 
a certain mark, th^* enclosed water is found to weigh 100 graimi when the 
water is ref)laced by turpentine, the weight is found to he 84 grains. Find tlie 
8i>ecific gravity of the turpentine. 

2. A siiecific-gravity bottle when full of water is counterpoised by 983 grains 
in addition to the counterpoise of the empty bottle, and by 773 grains when 

of alcohol. What is the siiecific gravity of the alcohol ? 

3- A bottle filled with water weighs 37 ‘5 oz. ; when filled with a liquid 
whose specific gravity is O'OO, it weighs 36‘3 oz. Find the weight of the 
liottle. 

4. The sfiecific gravity of naphtha is 0*753. Find how many pints of naphtha 
a'eigh as much as a gallon of waiter. 

5. A flask which holds 100 c.c. of water is filled with methjdated spirit, and 
tile weight t>f the liquid is feimd to be 70 grams. Find the siiecific gravity of 
tlie liquid. 

Principle of Archimedes: Tlie upward thrust exerted on a 
hodp immersed in wafer is equal to the weAqkt of water displaced .^ — 
A body suHjxMuled by a fine string from one arm of a balance 
appears to lose a part of its weight when immersed in watery the 

loss in weight represent4ng 
the weight of a volume oi 
water equal to the volupie 
of the body. Thus, if a 
body has the same density 
as water, its apparentweight 
in water is zero. 

To prove the principle 
of Archimedes (Fig. 57), 
apparatus which consiats 
of a holloyr brass cylinder, 
into which a solid cylinder 
of the same material will 
ju.st fit, may bo used. The 
volume of water which th® 
hollow vessel will hold m 
exactly equal to the voluine 
of the solid cylinder. The 
hollow and solid cylinder 
are fastened to l^e end 
Flo. of U»e priiictple a balance and 

of counterpoised ; ‘tlie solid 

ej^littder is now detached, and fasu^n^ to a small hook^providedv 
for that puipase at Oie bottom of hollow cylinder, and in aueh 
^ p5sit ioi i that the solid is totally imnier^ |n wa|!^. „ „ 
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Fi«. 58.“*' lx>«K of 
weight in water. 


weight is now less, and the beam B will ri.se. By 
hollow cylinder with water, equilibrium is restored 
when the cylinder is just full. Care should be 
taken that no air-bubbles adhere to the solid cylin- 
<ler; also that it is totally immersed, with the up- 
]H?f edge a short distance below the surface of the 
water. 

(havity of a Solid denser than Water. 

— The body is suspended from one end of a balance 
(Fig. 58) by means of a fine silk thread or silk fibre. 

Its weighs in air and its apparent weight in ivnffr 
are determined. The difference between the ^^f‘i^J:hts 
bO obtained is the weight of a volume of wafi r equal 
to the volume of the solid 

liras, if Wj = weight in air, W., - weight in w ater, 
^)ecmc gravity = 

Any ikir-bubbles which may adln^e to the hrtdy wlaai iiniiiers(‘d 
in the water must be carefully removed h\ rubbing the body with a 
camelVhair brush. A convenient method of tl(‘tennining the ftpecijtc 
grwvUy or relative derwity is to u.se a spring halance, m 
shown in Fig. 59, tlie method being the saiin* as before. 

The graduat€*d cylinder shown in Fig. 47 may he 
used : the height of the water in th(‘ cylinder la^fere and 
after immersion is noted; thus the number of cubic cen- 
timetres of water displaced by the body is known. 

Appahatus. — B alance and weights, distilled water, 
beaker, brass or coj»per cylinders, one or more glass 
Fi<j. 6a stoppers, etc, 

I^oi mikght Expkhi m knt 3G. — I)et<*rmine the speci fic gra v i ty of the 

solids supplied to you. Tabulate your results as follows: 






Welirht of 
solid in 
air. 

... ..... ... 1 '' ciKhl of an 

m.ater. , 

j 


i 


i Si»eclflc 
I gravity. 
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Specific Gravity of a Body less dense than Water. — A sol if] 

l{)ss dense than water, such as a piece of wood, will float ; hence 
its apparent weight in water is zero. To determine the specific 
gravity, a sinker (which is a piece of a dense material, such as 
lead) is tied to the solid : it should be large enough to secure 
complete immersion of the solid. 

To determine the specific gra\fity of the solid, (1) find the 
weight of water displaced by the sinker; (2) find the weight of 
water displaced by the sinker and the solid. Hence find the 
weight of water displaced by the solid. 

Thus, if weiglit of solid in air = Wj 

Weight of solid and sinker in Mrater = Wo 
Weight of sinkcir in water — W.> 

' W W 

Specific sravity = ^ + W, = 

Apparatus. — Balance and weights, distilled water, beakcfr, 
fin€* thri»ad for suspension, beeswax, small wood blocks, a w'bodeii 
pill-box, small shot, etc. 

Kxpkhimkxt 37. — Find the specific gravity of the materials 
supplied. Enter your ^‘^^ults in the following table : — 



Weight of 1 

Weight of 

Weight of 

ktaritjr^ 

Material 

aolid in ! 

linker alone 

«oli4 and elnkec 


air. 1 

in water 

in water. 

i i 

’ WckhI . . 1 

. 


! 


(A sinker is easily made from a piece of sheet lead, thlfOUgh 
the centre of which a piece of wire, bent to fcarm a hook, is 
insertetl.) 

Lcsid the pilbliox with small shot Obtain the total freight of 
box and shot. Float in water, in measuring flask (Fig. 47), and note 
tliak c.c. of w'ater tlisplaced is equal to the weight in grams. 

Apparatus. — Balance and weights, beaker, milk, turpentine,, 
methylated spirit, l>eeswax, glass stoppers. 

Experimen't 38, — Determine the specific mravity of the liquids 
supplied. This is done by fiiiditig we%hi of any of 

the liquid and the w'eight of an ^ua! vcduiue of watev takiug 
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any scrlid, such as a glass stopper or the brass cvHncler in Experi- 
ment 36. Find the weight of water and the weight of the liquid 
displaced by the solid. From these weights the specific gravity 
can be found. 


^Example.— W eight of cylinder in air 

We^ht of cylinder in water 
Weight of cylinder in ulyc(*nne 
„ • , - weight of hciuid displaced 

Specific gravity of liquid = ■ 

Example. — A cylinder when weight'd in water i.s fuuml tofli-^place 207 gin. 
of watei', and in turpentine to disiilace 23*2 gin. 

23-2 


41.3 gin. 
3.5i)-2 gm. 
345*8. 

.-.3-8 ~ ^ 


, siieciific gravity of turiieiitiiie -- 


•Hds. 


Exeucises. 


L A pi^e of braas vv'hich vveigh.^ one kilogram, v\hcn weiglnnl in water is 
found to weigh 879‘5 gin. Find the ^lM•clhc gra\ itv of the brass. 

Weight m air 1000 gm. 

Weight of a volume of water etiual to that di-plaml b\ the kilogram 
*=1000-879‘5. 

KKX) 1000 

Specific gravity = 120 5 ~ — 

% *^16 weight of a body in vacuo is 3 lbs. : ;i piece of metal ^vllo^e sjif^citic 
g^vity in 16 is fastened to it. If the piece of metal neigh'* I lb , tin e<uui«>nnd 
piece wiE j^t ftink in watear. Find the s.|)ecific gravity of tlie Ixxiv. 

^ A jnece of round wire is 30 cm. long, its height in air i'* 24*227 gm., 
and in irater 21*121 gm. Find its diameter. 

^ THcy^mne = 24*227 - 21*121 = 3*KH>c.c., since 1 c.(‘. - 1 gm. 
r as radius, then voltiine = irr® » 30 - 3 lot), 
y/' r ~ *1815 cm., and diametir --- 2 > IS 15. 

‘ “ - 3 M mm 

4. Ajpt€NM!of oopiier wire 4 metres long weighs 17*2 gm m air, and 1.5*2 gm 
the oianieter of the wire. 

, A AgiaaM ind which weighs 3.5 gm. in air at ighs 21 111 water. What wiii 
*t* JWgresttt weight in alcohol of specific giavitv 0*0 

Mi W deno^ the weight. 

.35 

. " Specific gravity = gi ” 

•••"■ = =» -(Is "') 

4 . =r 22*4 gram*.. 

6. A piece of wood weighs 150 gm. in air. the ifinker weighs 75 gm, in 
water ; the two together in water weigh 45 gm. 


1.50 


Specific 8»»vity = + 75 


1.50 

180 


r '83. 


^ FwJ wliat weigiit of lead attached to 20 of cork, wijj?cific gravity '24, 
^ jart vuSiGient to sink it in water. 
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Specific Gravity of a Liauid by Means of a Balance.*- The 

specitic gravity of a liquid can be found by means of the balance, 
if we take any solid which is not acted upon chemically by eith^t 
water or the liquid, and which will sink both in the water And in 
the liquid. (1) Weight of solid in air, call this W ; (2) weight in 
water, Wj ; (3) weight in liquid, Wg. ^ 

\V - W, - W(>ight of an equal volume of ^yater. • 

W - Wo - \MMght of an equal volume of liquid. 

c. ... . W - \V, 

biH Cific gra\itv - . 

8. A glass ball w eigh** 1,000 grams in air ; it weighs 630 grains in water, and 
600 grains m wine. ind tlie H|M‘Cihc gravity of tlie wine. 


Alls. 


lOOn^- 650 350 _ 

1000 - 6:10 ■“ :iro "" 


Jolly's Balance. —In this balance a spiral spring S carries two 
light scale pans P and P'. On the fac(* of the pillar A a scale 



etched on mirror-glass and graduated in railli' 
metr(‘s is placed. The index is a small wduh.* 
head A. Tlie lower pan is always immersed in a 
heakor or tumhler containing water. It wiH be 
found convenient to attach (to the wire carrying 
th(‘ lower scale })an) a bin*, l>ent wire tc, and to 
see that the wire in eacli case touches the sur- 
face of the water before a reading is taken. The 
reading on the scale is now taken (both pans 
empty). 

body whose specific gravity is r^uired is 
put into the [»an P, the platform D is lowered by 
means of the .screw 8, until the pan P' is a short 
distance from the base of the beaker, and the 
scale reading is observed. The body is now 
placed in the lower pan, and the reading agidn 
noU‘d. 

From the thrive readings S|)edfic gravity 
i.s obtaiiuH-l. 

Thus, let a denote the reading when 
pans are empty ; let denote the reading 
the body is iti the top pan ; and let e dene^ 
the reading when tlie l>^y is in the bottom panJ 


r»i <0 


Then spedfie gravity 
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a-Tube.— A U -tube, such as tliat shown in Fig. (Jl, is easily 
made by bending a piece of glass tubing, about I" or " bore and about 
long, over a bat’s-wing dame. The tube may 
be fastened to a wood support by thin sheet brass 
cli})S, bent so as to embrace the tube, and fastened 
by screws to the wood. Two scales, which may be 
graduated either in inches or millimetres, are at- 
tached as shown. Water (which may b(" coloured 
by adding a little aniline dye) is j^oured in, the 
height in the two limbs being the same. 

Manometer. — Attach om* end A by an india- 
rubber tube to a gas tap. Turn on the gas ; tli(‘ 
column in A will be depres.secl, that in Ji A\ill be 
raised : the ditferencf^ in the height above any hori- 
zontal line, such as C T>, will give the pressur(‘ of 
the gas (in inches or millimetres of water). A 
y-tulie used in this manner is called a r. Fie 01. 

If, instead of water, a heavier liquitj, such as mercury, i twin* ub<*d nn a 

1)6 used, the differencf* bet^v een the lieights is l(*ss than 

hefpre, but is greater if a lighter liquid, .such as turpcuitine, be used. 

Apparatus. — U-tube; water, mercury, turpentine, metliylated 
spirit, glycerine. 

Experiment 39. — Fill the U-tube about half full c»f water ; 
attach one end by an india-rubber tnlx^ to gas supply ; nott‘ the 
readings on the scales, and deduce the pressure of tlu* gas above 
the atmosphere. 

The heights maybe measured from any hoiizontal line, sucli 
as CD; or draw a line across at the h vel of the lower column, 
and thus obtain the difference in the heights. 

Tabulate as follows ; — 
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Speci&c Gravity by Means of U-Tube , — When two liquids which 
do not mix are put into the vertical limbs of a U* 
tube, the heights above any horizontal line, C i>, 
are found to bo ditierent ; by means of the scales 
attached, /Ac hei(jhts of the two columns from the 
surface of sej)aration of the two liquids can be 
determined. These will be found to be inversely 
yt'o portion d to their densities. 

Thus, if a column of water C A, 50 cm. high, is 
balanced by a column of mercury D F, 3*67 cm. 
high (Fig. 62), the density of 



the mercury — — 13*G 13*6 

•)*G/ 


volumes of 


Fio 02--Speciflc water balance 1 volume of mercury). 

gravity by I -tiUxi, Appauatvs. — U*tube with scales attached ; water, 

mercury, methylated spirit, glycerine, turpentine. 

Kxpkkkmknt 40. — Pour mercury into the tube until there arh 
about 4 cm, in each limb, and p<sur a small quantity of water into 
limb Measure the ditlerence in the heiglits of the water and 
the mercury above the lix(‘d lim* V i). Increase the amount^ of 
wattu’ in A and again mea.sure the lieights. Proceed in a similar 
mantuu' hen more water is put in at A. Tabulate thus : — 



Exekcise. 

1. Find the gravity of glycerine, having giv€‘n that the glycerine 

bncomeUMT 319 inches wheti the mercarial barometer reads 29*06 

the specific gmvity of mennny l»eiiig 13*5ti8. ^ 
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Specific Gravity of a Liquid by the inverted U-Tube {Hare's 
Apparatus). — Two long glass tubes are supported 
)>osition by means of clips and a suitable \\ooden 
.stand, as shown in Fig. 63. Pieces of india-rubber 
tubing connect two open ends of a T-piece A to the 
\crtical tubes ; to the remaining end of tlie T-}>iece 
a piece of rubber tubing (wliich can be closed by a 
clip) is attached. The tul)es are i)lac(*d in front of 
two scales divided into millimetres ; the open ends 
of the tubes dip into two small b(‘akers (or lK)tth‘s), 
one of which contains distilled wabT, the otluT the 
liquid whose specific gravity is to be found. 

By suction at the end of the pH*ee of india- 
rubber tubing the liquids can be drawn np into the 
tubes, until one of them is not far from the top. 

(When liquids are used which \\ot tlie tubes, tlir*y 
should be drawn up and down a few times before 
readings are taken.) The beakers* are then adjustc'd 
in height so that the surface's of the liquids are co- 
incident with the zero of tlie scales; hence the Male 
readings give the height of the columns abo\e tin* 
surfaces in the lieakers. 77/c hciijhfH so obtained 
are in\:er8e1p as the of the litpiUh , thus tin* mtio oj the 

densities is the reciprocal of the ratio (p the heajhtK. 

Apparatus. — Hare's apparatus: alcohol, turpentine, milk, etc. 

Experiment 41. — Hetcrmiue tin* .specific gravity of the liquids 
supplied you. 

KvCRf fsE. 

Heiprbt of ak’oln^l in litnb B - f5rc2 cm. 

Height of water in Imib C ~ 2S*U cm. 

Sjiecific gra\it\ of alcohol 8 . . . 

* 

Apparati s. — (ilass U-tiibe : water in 
two beakei*s, ami some blocks of wood. 
-Vrrange the wo/»deii }»locks .so that the sur- 
f.tce of the wat€a* in A is higher than that 
in C, (Fi*r. 64.) 

Expluime.nt 42. — Fill the U-tube with 
water ; close the open ends with the fingers, 
invert, putting the ends into the water 
^ A aii4C before removing the fingers : it viill be* found that as 
an the finj^rs are removed water commences to flow from A 

5 




Kn.. — Spedfio 
gravity by llaie's 
mtthtKl. 
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to C; the flow ceases wlion the surfaces in the two beakers are at 
the same height. A little aniline dye or a few drops of ink put 
into the beaker A will (Miable the flow to be seen clearly. If now 
the surface in A is lowered by removing some of the blocks, the 
reverse action takes place — the watt'r passing from C to A, and, as 
befon', th(* flow is maintained until the heights of the surface are 
equal. If the, end at A be raised slightly above the surface, the 
water instantly leaves the tub<*. 

The Siphon in its simjnost form consists of a bent tube similar 
to the above, but has usually one l(*g longer than the other ; this is 
not, however, important, the direction of the flow deiKmding only 
on the levels of tin' two ends. Tims, if tlie end at C is lower 
than that at A (Fig. 02), the liquid may be transferred from A to 
C — tliat is, from a higher to a lower level. 

To start the siphon th(‘ tube is tilled ainl inverted. But it is not 
necessary to have the end at C below the surface of the liquid; all 
that is required is to put the end of the tulxj below the surface in 
A before removing the finger, and to k(*ep the end at C below tlu* 
level of A ; when this is done tin* How commences as soon as the 
finger is rt'inoved from tin* (‘iid A, and may he continued until'the 
l>eaker is emptied. 

If any horizontal line 1) K h(* drawn, then as the pressure on 
the \>at(‘r in the b<*akcr A is e(jual to that of the atmosphere, 
the pressure at D is loss than the pressure at A by the weight 
of a column of water between l> and the level of the w’ater in A 
The pressure at E, which is at the same level as D, is less 
than the pressure of the atmosphere by the weight of a column 
of liquid from E to the level of the water in C. The pressure 
on the end at A is great i»r than the pn'ssure at C by the differ- 
ence in the lengths of A H and H (\ so that the water will 
flow from A, the place of high pressure, to C, that of lower 
prt^ssur% It is evident that the highest jx>int, H, of the tube 
should not exceed tin* height of the water baromettn*. Insteatl 
of having to fill and invert a siphon, a sim]>le arrangement 
is to use two taps, one in each branch of the siphon, so that 
when closed a column of liquid is enclosed ; when placed in 
position and the taps opened, the flow commences, and is main- 
tainnl as long i\s they remain oj>en. 

Exkrcisk, 

Write out a lew useful appUcatioui* of the siphon ; alw state what modt- 
hcationft wtmid enaUe a »ipiiion to act uithout having t«> hll and ill vert before 
heing uaed. 
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^ead of a Liquid. — If an orifice be niacU' in the side of a vessel 
containing water, it is well known tliat the water will flow from 
it; if the orifice be closed by inserting a cork, then Ijv increasing 
the height of water in the vessel it will be found that at a certain 
height the cork is forced out, showing the increase in the pressure 
due to the increased height (or head) of the water. 

The pressure at any level is due to tin* wattu' above that le\el 
pressing upon the water below ; hence if the sides of tlio containing 
vessel were vertical, the pressure ai any Ica (d, and ^ 

therefore the pressure on llie bas(*, would be the 
whole weight of water above. ^ 

A very convenient method of showing that the 
pressure increases wdth th<‘ dej^th is shown in Fig. 65. 

A glass or metal funnel, of any conveiih*nt size, is i ft' I 
phiced in a tall beaker or cylinder the diaimder of /; 

which is large enough to allow the funnel to niove [.t mj r|i 

freely in it. If now the end of the funnel be eon- l|'; W M 

iiected by means of an india-rubber tube with the |j| Jt M 

U-tube shown in Fig. 61, tlien by means of a scale I / \ 1 

placed alongside the dejith of the .surface of the ¥/ p \l 

w^ater in the funnel F can be estiiuat«Ml, and the 
corresponding pressure is giv'iui by the indication on ||i |. 

tlie scale of the U-tube. Li- ^-j 

Apparatus. — U- tube; fiiimel ; india-rubber tub- ^ 
nig ; tall glass beakf'r or cylinder. Fr« *».'■« - 

Experimkn'T 43.--Fiirthe beaker nearlv full of to hhon 
water; fasten one end of the rubbei tube to the 

funiud, and connect the 
f»thei to tlie U-tube; 

Jj show. i»y hiwering tie* 

R ^ - 71 inv(‘ited funned, that 

i 1 tuhe TTfi iU Lt-1^ 

Cn IL /A'/zZ/e 

JUistrf^ n ' ^ Another and per- 

/ \ IJ *' F1 haj)s a lM*tter methcKl 

y \. than that {h-scnlxNl is 

/ \ " ' F* fasten, In means of 

( j J ^ [>iece of fine thread 

/ ♦ J ' wire, a Hiiiall india- 

X. ^ y l. — P ^ rubber Imlltxm to one 

r , , - end of .a straight gla‘'S 

0S.-->-Appar&IU!a to fthow dne to eWpth. tulwf*. and tO COnUCCt 
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the otlier end by a piece of india-rubber tubing to one branch of 
the U-tube. 'i’lie balloon h (Fig. 66) is filled with air (the enclosed 
air can be prevented from escaping by using a small clip on thcj 
flexible; tube) and attaelied to one end of the U-tube. When 
placed in a tall jar or cylinder of water C (Fig. GG), the pressures 
on the enclosed air in h, due to the pressures of the water at 
various d<‘pths, will cause the column of w^ater in the U-tube to 
deHcend on one sitl<* and to rise on the other. ]>y means of a scale 
placed in the jar 0, and the scales attached to the U-tube, the 
depth of h and the corrcsjioiHling pressure at that depth can be 
ascortaiiMsl. 

I’Ik; results obtained should bo tabulated as follows : — 



Hydrometers. — This is the name given to instruments which 
are chietly ust'd to determine the sjx'citic gravity of livjuids. This 
is efhM’Unl either by observing the depth.s to wdiich the hydrometer 
sinks when placed in the liquid, or by means of weights 'which 
can be placed on a suitable j>an, and which w ill sink the instru- 
ment to a standard mark on the stem. 

Arr\UATi:s. — Test-tubt*, small shot or mercury, glass tubing. 
Expehiment 44.-- Load the test-tul>e with small shot or mer- 
cury until it sinks to a convenient i>oiiit in water, mark the point 
by scratching witli a tile, add salt to the watc^r, and ascertain 
iiillerence in the density of the water shown by the rise of tite 
simple hydrometer ; immerse in other liquids of known specMc 
gravity, and mark the points. Blow a bulb on one end of a 
piece of glass tubing, allow* it to cool, loavl as before and repeat 
the experiments. ^ 

The common hydrometer (Fig. 67) consists of a graduated glass 
tube, having at one end two bulbs A and B — one containing atr^ 
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an(f rendering the instrument s[)ecifically lighter tlian water ; the 
other containing sufficient mercury to make the instrument tioat 
upright when placed in water. 

The specific gravity of any liquid into which 
instrument is placed is indicated by the depth to 
tirhich it sinks, and this can be read off by tlie scale, 
which is often divided into 100 parts and marked on 
or enclosed in tlie stem. 

It may be used to determine the specific gravity 
of liquids either hea\ ier or lighter than water. 

In the case of liquids lieavier tlian water, th(‘ 
amount of mercury in th(‘ lower bulb is so adjusted 
that the highest division of the scale is coincident with 
the surface of the w^ater. The di\isions on tlie scale 
arc not equal, those towards thje bottom beiiig shorter 
than those above. The scale divisions are easily ob- 
tained by immersing the instrument in li(iui<ls of o: 

known specific gravities and marking the ])nints. JJjdrotuc-tcr 

When a hydrometer is used to <l(*termin(‘ tlie sj>ecjtic gravity 
of'liquids lighter than water, the adjustment is so made that the 
lowest division on the scale is le\(*l with tin* surface of the 
water; as before, the scah‘ di\isions are not eijual in length, the 
distance between them becoming less th(‘ to]> f)f tin* scale is 
reached. 

Thus in each case the beginning (»f (he Male is that rlivision 
which is coincident witli the surface wiien the in.stru- 
ment is immersed in wat<*r. 

Nicholson’s hydrometer consists of a 1h>11ow brass 
cylinder, carrying at one end, l»y nH‘aiis of a w ire 
stem, a scale j)an A (Fi<r. G>i), and at the otlier, by 
a stirrup, a pan 15. When placed in a liquid the 
instrument floats, with the axis (.f the cylinder 
vertical, the pan 15 below and tin; ])an A above the 
surface of the liquid, a.s sIhami. On the win; which 
carrie.s the pan A a imirk or standard j»oiijt is made ; 
the vvfdght in the upper fan ro{|uired to sink it to 
this }X)int is calk'd tin* standard w’cight. To find 
the weight of any small l»ody, it is first placed in the 
Fk*.« 8, upper |>an; weiglits art* added until llie instrument 
sinks to the sUindard {>oint ; the difference I^etween 
standani weight is thti w'eiglit of the 
If the body be now placed in the lower pan, on account 
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of the upward pressure of the water more weight is required to 
sink the instrument to the standard point ; the difference between 
this weight and the last is the weight of water displaced by the 


body. Specific gravity = 


weiglit of body 

veight of an equal volume of water* 


Kk vmplk. — T he st.-iiidard wpiprht Iwinp 1,200 grains, a l)od5’’ i^ placed iji the 
np|H'r pan, and it is f«mnd that 200 grams must be added to sink the instru- 
ment t(» the standanl point The IkkIv is now placed in the lower pan, and 450 
grains must he placed in the uj)iK*r iian to sink the instrument to the standard 
point. What is tli»‘ s|K‘cifie gravity of the Ixxly? 

Weight of body 1,200 - 200 = 1,(K)0 grains, 
liody lu htwer pan — 450 — 200 - 250 grams. 

This Is, b} the ]>rmc'ipl(‘ of Aichimedes, equal to the weight of water displaced 
by tlu' laxly 

Thus the of tlie b(>d\ is l,0o0 grains ; 

IMie weight ot an e(jual vtdimu* t>f water is 2.50 grains. 

/. i. lOOO 4 
siM'Cific gravity ■= ~4. 


Si’M^Ain. 

Density. — Kqu.il volumes of the same substance ha\e equal masses or weights, 
etpiid volumes dilFereut substances b.ivt' diflen’Ut m.isses oj weights. 

Tlie volume of a bodv m <'ubi<' centimetres is ulso the volume of w'ater in 
Cuba* ceutinu'lri’S displaced bv it when nmiiei'sed. 


Specific gravity of a substance ~ 


w fight of substance 
wfMght of water displaced 


Specific gravity of a liquid = 


weight f>f anv volume of liquid __ 
weight t>f an equal volume of water 


Specific gravity of a liquid by u-tube ~ 


height of water column 
height of lupiul column 


Specific Gravity by U-Tube. -Tin* of the two columns art* 

firn}yoritffn>d tt* their df •<. 

Si^clllc Gravity by Inverted U-Tabe ifforr'^ apfi^trntus), — The 
gravities of thc^ two liquids are iuirr.^dft i>rofmrtiotud (n the “ Arei'/ifs/’ 

Principle of Arcblinedes. When a VhkIv is wholly or partially immersed in 
a h<pml, the resultant u}»w.ird thrust is equal to the weight of the liquid dis- 
plaee<l. The solid tloats lien its weight is les-. than the upward thrust due to 
the lupud displaced, and sinks when giv.itor. 

Hydrometer isaibngs ,>n gi luluatfsi suin, when placetl in a liquid, give 
i<jx*citic gravitv 

Hlcbolsou's Hydrometer. At oiw end a wale uan, at the other a bucket or 
j)an ; is always sunk to a tixixl {toint, w hich i» marked on the ^tem. 
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Properties of Air. 

Air is a mixture of several gases, but it is bmnd <o act 

in nearly all ])liysical respects as an (‘lementarv, p(‘rnianent 

gas. That air is a form of matter may be shown by inserting a 
tumbler into wat(‘r with the o]>eu end downwards. It _ — ^ 

Hill be noticed that the Hater do(*s not til) the tumbler, 
showing that something occupi(‘s the ^paee nithin lie* ^ 

tufnbler : water and air cannot oecui>y th(' sani<* space ^ 

at the same time. The of air is also shonn 

by the ri.se of the water and the diminished volume of 
the enclo.s(‘d air a.s the tumbler i.s pressed still furtluu* 
into the water. That air has f/ve//// can be shown 
by weighing a vessel from which the air has bis-n v\- 
hausted hy means of an air-pump. l>v means of a tap, 

T (Fig. 6*9), the air can be a<lmitt(‘d, and the \es^(l 
again w'eighed ; the difference is the weight (»f air till- 
ing the vessel. If now the weight of an rnpial v<.lumc 
of w'ater be obtained, the density of e/r ean be found. 

KxEitr isE. 

An empty weigh'- 120 ^rrninv ; wh^-n full <<f .-i.r it ^ grauwt, 

and when filled with \\at<*r 1,120 graiu** ^ u«< 



.... w ...V*. ..... . „ Find ttie d^'HMtyof mr 

iVei^ht of #*n( lo^d air " 12111- 120 | 

Weight of ecpi.ii \oluineof water - bl^> ■ 1-0 - 1 XlO grams 


Specific gravity of air 


13 

moo ' 


^ *001. a 




But 1 c.c. of water weigh- I gram. . * d* n-UJ' of -vir - 0013 ; In nee 1 litre of 
air w eighs 1 '3 grams. 

It will be noticed that the apiiarei.t ..eiylit iii^aeli cii,-,e ih leas 
than the true weight by the aeiaht of air dirplacetl by the flask . 
but as Ibis is the same at Iwth tlie obfa-rvations, ft do* s not affect 
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the difference of the weights. On account of the conrpressibility 
of air, the density of air — that is, weight of unit volume — depends 
upon both the ptmHure and the temperature. 

Apparatus. — Glass flask, and glass and rubber tubing. 

Experiment 45. — Fit an india-rubber cork and a short lengtli 
of glass tubnig into tlie neck of a glass flask containing a small 
quantity of watt^r; to the glass tube a piece of india-rubber tubing 
which can >>e closed by a pinch-cock is attached. If by the applb 
cation of heat (by a llunsen burner) steam be formed and allowed 
to issue freely, all thi‘ air can bo driven out of the flask. The flask 
is allowed to cool, and its weight is ascertained ; then the increase 
in weight when air is allowed to enter can easily be determined 


Barometer. 

Appaiwtus. — Glass tube about 36" long, about bore; mer- 
cury; evaporating-dish. 

Experiment 4G. — Nearly fill the tube with clean mercury, 
leaving about half an inch empty ; close the 0 }>en end carefully 
with the fingiU', and invert, allowing the bubble of air to 
pass to the top ; re|K*at this until all the small bubbles 
of air clinging to the glass are swept out. Fill up the 
tube <iuite full of clean mercury, and putting the finger 
on the open end, invert in a small evaporating-dish con- 
taining mercury, taking care that the open end is below 
th(^ surface before removing the finger. It will be found 
that the column of mercury will descend a short dis^ 
tauce, until the height of the column above the surface 
in A (Fig, 70) is about 30 inches, or 760 inillimetrea 
This column is halanced by the downward pressure of 
tlje atmosphere, which, acting on the mercury in the 
dish and Iniiig transmitted equally in all directions, 
acts upvvard.s on the column in the tul)e. When the 
column B ceases to desceiul, the mercury column 
and the atmaspherc just balance. The space above^ 
the meix^urv contains no air and only a slight trace 
of mercury vapour, and is therefore a nearly perfect 
vacuum. 

The Barometer is an instrument which recortls (or shows) the 
pressure of the atmosphere, and in its simplest form consists of the 
Torricellian tuh% just descril>ed, in wdiich for any inerlkse el 
pressure the mercury rises, and falls when the pressure is di* 
^tninished ; IAms fmght t/ tAe Aciromeler me€t»ures the 
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jyresmre. Any other liquid instead of mercury could he used, but 
mercury is the heaviest known liquid, being 13*6 times as heavy 
as water. A column of water to balance the mercury coliimh 
would have to be 13‘G times as high. If water were used, the 
1 3*6 X ^9 

height would be = 33 feet (apjn-oxiniately). Other ad- 

vanl^ges of mercury, in addition to convenience in heij^ht, are that 
it i*emains liquid until it is cooled to - 40^ C. (vNlien it bcco*n(‘S" 
solid); it does not the sides of the tube, and 
therefore moves easily in it ; its density has b<‘cn 
carefully determined for a large range of tcanpera- 
ture, and corrections for temperature can thus bo 
mada 

Exfrci.se. 

If glycerine (S.G. 1*20) l>e in a straight tube, show 
that the height will Ix'alxnit 27 feet wlfen the wat<‘r haroineter 
ia at a height of 34 feet. 

Water, although more sensitive tlian mercury or 
glycerine, is unsuitable as a liqui<*i for a barometi'r. 

Welter is found to evaporate into the vacant space, 
and air absorbed by the water also interferes with 
the action. Those objections do not a}>ply to 
glycerine. A glycerine barometer i.-> more tlian ten 
times as sensitive as a mercurial baronnder. 

Fottin's Barometer. — In the barometer just de- 
scrilied, as the mercury in the tube rises, tlie level 
of the mercury in the cistern falls : and, conversely, 
when the mercury falls in the tu)»e, it ri^es in the 
cistern. If the area of tlie tulx* be small in com- 
parison with that of the cistern, there will be only 
a alight alteration in the level of tlie mercury in 
the cistern, due to the rise or fall in the tube, and 
this is often neglected ; but for aecurat<‘ work it 
must be taken into account In Fortiu’.s barom(*T^*r 
(shown in Fig. 71), the error is corrected by rai.sintr 
or lowering the surface of the meicury in tin* 
cistern. The tube T and the cistern t’ are cncl(;se<l 
in a metal case for protection ; at S a gradual e<l 
*»ca!e and a vernier enables the reading to he taken 
to ^ bC an inch, a thermometer t indicating tlie “ 

tmp^tore at which the reading is taken. By 
taeann of the screw the surface of the mercury in the cistern 
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can be atljusled so that it touches the small ivory pointer p. 
ThuS) when the mercury risc*s in tlie tube and sinks in the cistern, 
thei e would be a small space between the point of the 
ivory pointf*r and its reflection in the mercury ; by 
means of the adjustinj^-screw 8, the surface of the mer- 
cury can be raised until the two points seem to touch. 
Th(‘ upper inii ror m is used to avoid the error due to 
])aralhix. 

Idle Siphon Barometer is largely u.sed. It is simple 
in construction, and consists of a U-tube, as shown in 
Fig 7*J The sliortcr limb, A, is op(m to the atmosphere, 

I the longer is closed, and, as in the Torricellhin tube, 
tlier(‘ is a vacuum above the mercury. When the mer- 
curv rises at H, it falls at A, and the “height” is the 
dtffercnri' of h'vd of tin* mercury in the two limbs. In 
otluT well-known forms, the U-tube is uniform in bore 
iliroiigiiout, and carries at its o}>en end, A, a small bal- 
72 anced jiiston or float, the rise or fall of 

sii)iu)n wdiieb gives motion to a linger or pointer, 

imnaueter indications are read off on a 

graduat'd dial. 

Boyle’s Law. 

Tht' rolittio' of it (/ivt'K iiias'i of rnrif*H incf^ri^ely 
a‘< f/tr prvMHny tfflir (nup^raf u n kt'pf n^natHuf. 

AerAiiMMs -A lioyl(‘’s I.uiw tube fixed to con- 
venient stand; mercurv. 

EvrnuiMKNT 17. Into a Boyle's Ij.\\y tube (Fig. 73) 
a small (pianrity of nu'reurv is poured, and the acl- 
justineiit IS can fully made so tliai the surface of the 
inereurv iii the two limbs is m the sixme horizontal 
line A A. Tlie j>rt‘Ssurt* of the air in botli limbs is 
now the pressure of the atmosphere. Mercury is 
added at the t»pcn end (’ until the column of air in 
the shorter limb is nnlueed to one-half. I'he height 
of the eolunin of mercurv A F which is necessary to 
do thi?. is found to be about 30 inches above tlie level 
of tin' mercury in the shorter limb- Fm.73,— Be- 

If, as .shown in Fig. 73, scales are attached to both 
limbs, the folume of air in the shorter limb can be pr«»»iire ol » 
sul>ie(*te<l to various pres.sure> by altering the height m - BeyV# 
of the column in AC. In this manner the law may 
la' veritieib Tiius» if c is the oliservetl volume of air when the 
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pressure is p, and is the volume when tlio pressure is 
tli(* laAV states that p x v = rj, if the teinj)erature remain con- 
stant; or, the product of the })ressure into the volume is constant 
if die temperature be k('pt constant. 

Of the many sources of error in the form sliown in Fi" 73, thi‘ 
principal are: {n) the difficult}^ exjierienced in removini^ the air 
which enters with the mercury ; (A) the rise in temperature if the 
mercury is not put in very cari'fully ; (r) the difllculty in the 
initial adjustment The apjiaratus ls also ineonvc'iih'nt to use. 

A better and more convenient form is ^hown in Fii>. 7-1. A 
straight glass tube and a glass globe (or a glass tube* of .same bore 
may be ii.sed) are coniu'ctetl together by means 
of a strong india-rubber tube. Tlie tube J‘> i.s 
fa.steued by means of bra.ss elips to a vertical 
stand CD. The globe A may Jbe supported 
either \)y means of a retoit. stand and ring, 
or, as shown in Fig. 74, a ring to carry the 
globe may be clanij)ed on to the .stand C I). 

In either case, the globe or bottli* c.in I'asily 
b<* raised or lowered and secured in anv posi- 
tion. Before ii.sing tlie fahf\ it hf^ 

valihraU'd, This can bo done by d<‘t aching 
the rubber tube and weighing the tula* when 
empty, also ’wduui ///W (vlth to a 

height corresponding to thf‘,///>7 r7ie?s/o/ion the 
K’ale; the difference of weight should be not<Ml. 
tlieii tlie tulx* Jilhd to dirisioH and 

again weighed. In this manner tin* weight of 
mercury betw’^een any two divisions can b«‘ 
ascertained. These, when plotted on scpian'd ‘‘ 
pajHT and a fair cur\e drav\u through, wdl eji.il 
*tnv intermediate division to lx* nifuh* 

III the apparatus shown in Fig 7 4. the pre*^»>ure the en- 
Hosed air, by lowering the glohe sutfa n ntiy, may )»♦* made ]es;» 
dtan atmospheric. In thi.s manner //o///" ’.*( Ltnr jt/r Unc* r prrtf^tftrfs 
duin ihe atmosphere may l>e verified. 



ri<; 74 Apparatus P* 
Kli<m rt‘ltti<»»» Iwtwei'n 
\olwis)<' ai.U prewsun of 
u /.i*- 

the reading fur 


ExEiier-F^. 

1. How it ftpr*f»ar that air (ni lx*avv, f/a fluid 

An air-tight glol«e of iliin gla-i* rojitain** an ; it placH'*! in the r<Moner of 
wjitiftip: what will hapi>en when tin air t* frra/lnallv withdrawn fnau tin- 
rwiviesj*, and why? 
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2. State Boyle's Law. • 

A certain quantity of air (A) has a volume of 70 cubic inches under a pre'^- 
sure of 25 inches of incrcuiy ; another quantity (B) has a volume of 80 cubic 
inches under a p^ssure of 35 inches of mercury: the temperatures beir^tlio 
same, hud the ratio of A to B. 

If the weight of A were 10 grains, what would be the weight of B? 

Bimmary. 

Air has weight; due to its weight it c‘xprts i>ressiire. This pressure at or 
near the earth is ab(»ut 14*7 lbs. jmt in., or roughly, 15 lbs. per sq. in. 

Barometer, an mstnuiH'iit whicli indicates tlie })res8ure of the atmosphere. 

Borne of the barfimeterH ii'.ed are the Torricellian, Siphon, Portin’S. 

Boyle’S haw: If the tenqierature be kept constant, the volume of a given 
mass of ga.s is inversely proportional to its pressure; or, if p denote the 
pressure, r the volume, then the law is x v — constant. 



CHAPTER VT. 

REPEESENTATION AND MEASUREMENT OP FORCES— 
PARALLEL FORCES AND CENTRE OF GRAVITY. 

Force is ani/ cause which chan(jp^% (tr ft' nth to rhan(j<\ (he s(oi( oj 
rest or motion of a body. Force occurs in many (hllcront forms, 
and thus receives did'erent names, such as icnsio^t, prrmirc^ frie- 
tion, gravity, etc. # 

Representation of a Force.— In order to determine a force 
completely, we must know (1) it^ /toiat of ai pUcation^ (2) its 
oiiiynkude, (3) direct am or Hue <f ad ton. Ail tlnsse may bo 
represented by a sty'aight line. Thus one end f»f a line may re- 
present the jjoiut of application, tlu' number of units in its len^^th 
denote the magnitude, and the direc tion, or Ix-tler, the stotac of the 
force may be indicated by an arro\v-hc*ud on th<* lim*. In lids 
convenient luaniier any quantity \\hicli is dir*rt Koiaf- hwch as a 
force, a velocity, an acceleration, etc.- may b<* lipro^mted by a 
^►traight line. 

To denote the unit of weight any conNeniooi saiie may 
used. Thu.s, if a <jrmn be the unit <d ^^<‘igbt, and he repif ^enttMl 
i>y a lipe 1 cm. in length, tlien a h‘ngth of 10 cin N\ouhI ropreseiit 
lO grams ; or if -J inch rcjirov-nt 1 jx>und, then a length <>f 2,1 
inches would denote o [rounds, ete 

Hoasnrement of Force. - -E\ery ono is familiar with india- 
rubWr cord, which, under the action of a puli, becomes longer, 
hut returns to its former state when ro]<'a.sod. J?odi<*s whi< h 
Hess this prfj|>erty of returning to thoir oiiginal .stat^* after Unng 
changed in form are called daMie b-nlies. A spnng, wlien ex- 
tended or compressed, will return to its original length when 
released^ and is said to lie eJaMie. 

Porntmeasiired by Temsion.— A force may mcasure<l by 
means of the extension of a spiral spring. Thus a known weight, 
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W, applied to the spiral spring shown in Fig. 75, would stretch it 
througli a certain distance. Ak the eh^nyation of aa elastic body iv 
proportumal io the* stretchiny force, if the spring were perfectly 
elastic double the weight would stretch it to double the dis- 
tance ; and wIkui the weiglit was nunoved, the spring would return 
to its original length, if the elongation produced by the weight 
had not b(‘(in too great. Thu.s the elongation produced, .which 
measurt's the force applied, can easily bo ascertained by means of 
the two pointers, y> />, anil the graduated scale shown in Fig. 75. 

Thenj are si^veral forms of spring balance in general 


In that shown in Fig. 7G, a ]>ointer, p, is made 
ivo along a grailnated scale : so tliat wlien a weight, 

\V, 1 ^ appliisl io the hook II, the in- 

j jj dicatiou on the scale gives the magni- 

tude of W. (\)uversely, graduations on 
I the scale can be obtained by applying 

• i known weights, and marking the cor- 

j j responding jiositions of p for each 

! weight 

I [ Newton’s Law states that the force 

“j 1 i of attraction between two bodies is 

^ * j directly proportional to their masses, 

b 1 and inversely proportional to the square 

II of the distance between them. The 

- t direction of the force is in the line join- 

j f I ; ing the centres of the bodies. At the 

I poles, the distance from the surface to 

C'lirrrrry the centre <»f the earth i" 1.*? miles less 


Flo 7:. -Mfasurv ihaii at the eipiator, and by Newton^s Fro, 
wumt of wfieht I^uw the nearer ihe centre the greater the 
bvKpmU^pnnK Thu^ a mass of iron weighing 190 

ounei's at the ei|uat<)r would weigh 191 ounces at the poles. 
For the same reason, the weight of a body is greater at the 
sea level than on the t^»p of a mmintain. Jf any other attract 
ive force is> made to act on the body, the apparent weight 
may be iiHT(‘ased or diminished. Thus the apparent w^eight is 
inereaseil or diminished whim a powerful magnet is brought below’ 
or above the scab* pan containing the nui^s of iron. 

The weight of a body, w'bioh is tlie earth-pull on the body — or, 
as it is called, the force of y rarity be estimated by means of 

an on! inary luilance (Fig, 77). The weight so obtained wTll be 
the same at any place on the earth’s surface. If a spring balance, 
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such as is shown in Fig. 70, be used, on account of tlio variation 
in the force of gi'avity it would be necessarv, for accurate reading, 
that the balance be only used at the 
])articular latitude where the gradua- 
tions were made. 

* Another inetliod of estimating force 
is by. momentum gained or lost per 
second. Xenimts xecoitd httr of motitm 
is. Chnvye of motum is jtrojtorfloitof to 
impressed force^ and fakes phtre in the 
direction in whieh the form nets.’' As 
nmdered by Professor Alaxwell, this Ix*- 
coines. “ The change of momentum of a 
body is equal to the impulse which produces it, and is in the same 
direction.” Momentum or ‘S|in^ntity of motion ” of a body is the 
jirodnef of the mass and the, reloedp of a hodp. Tin* mass may lx* 
i‘xpress(‘d either in ])oumls or in grams, and the \(*locity in fe<‘i or 
ill centimetres per s(‘c<>nd. Kxamph* — Tlie momentum of a body 
Vi hose mass is 10 lbs., rno\ing at .‘10 feet pi r .sec'ond, is 10 30 -* 

.‘lODF.P.S. units. If the mass of the IxxIn had b<*en S ounces, its 
n iomentu in would have been \ x 30 - ir)Fl\S units. If the mass 
of the lK>dy he 100 grams, and moving at 30 cm j»er se< ond, the 
laoinentuin is 3,000 CbG.S. units Or, if F denote tlie force, / the 
firm* in seconds during which the foieo F is acting, r and a the 
velocity of a ma.ss, at tlie end and at tjie boginning of the 
time, then F/— m (r ~ n\ 

The product F/ is called the impulM* of the force, and m (e - e) 
is the change of momentum. Jlcnee we ha\e impulse- change of 
momentum. 


The change of momeiiTum is ]>ro<Iiiced ].y and tin* naaf^nre 

force is the chataje of mono nt am which it ]>rodu(es If t!ie 
mass remains constant, the rate of change of th** velocity [»er 
stx'ond is called acceleration; henco ifyAlenote acM-leration, ihf*n 
force «« (mass) x (acceleration;, or F m f 

Unit of force pnxluces unit aceohuatnm in unit mass. 

Unit of momentum ^ tunit mass; y < unit velocity;. 

This W'ould lie in the F.PS, svstem a noo^s o/ / p<ntnd rnennmj 
with it i^htcity of 1 fmt p^r sfmfnd , in the F (i.S. s\ stem f pram 
at 1 centina tre jn r second. 

From the equation F /e/ we have at omv? a very mm^uI 
means of estimating a forest by iJn* itiindx*r of units c»f aceeleration 
it produce in a body of mass Hence ybree is *'f^fi mated hp 
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tfte (jnin or losa of momentum per second. As a special or par- 
ticular case of F = mf we have W = my — that is, the weight of a 
body is <j tiine^* the mass of the body. F is the force in poundals, 
m the mass, and W tluj weight of a body in pounds. 

Velocity, which may be citln^r uniform or variable, is the rs^te 
of motion, or the rate at which a body moves. It is said to bo 
uniform when t>qaal spartan are passed over in equal intervals of 
time, and vorinhle wlum unequal s]>aees are passed over in equal 
interrals. Thu'^, if a body be mo\ing at a uniform speed of 10 feet 
per second, in 4 seconds it will move through a space of 4 x 10 or 
40 feet, or S -- r/, where S is the space passed over by a body 
moving with uniform V(‘locity, i\ for a tinn*, t 

When the velocity is variable, tlu^ velocity at any instant 
is th(i space through which it would pass in the unit time, 
assuming tin* velocity which it .has at the instant considered 
was maintaiiK'd duriing the unit of time. The average velo- 


city 


time 


spfK'e described 
taken in the joui'n*y 


Thus, if an express train 


starting from rest from a station n^aches another station 200 nnles 


distant from the former in 4 hours, the average velocity would l>e 


50 miles per hour, or 


50 X 52^0 
Go X GO ' 


feet per second. 


Acceleration. —The (‘xprcss, .starting from rest, gradually in* 
(Tease.s its sjiet'd 'bhe ritte pc‘r unit time at which the speed is 
altering is ealled tin* aeet‘h*ratiou. 


Acceleration is rate of change of velocity, and may be either 
uniform or variahle. When the action is to increase the velocity 
of the body, the acceleration is said to be positive ; and when it 
diminishes the vt*locity, it is said to be negative, or I'etardatiom 
If /’denote the uniform acceleration of a body, then the velocity 
at any time t would he r ft. Thus if a body moves from rest with 
a uniform acceleration of 5 f(*et per second, every second, the 
velo(‘ity at the end of 4 seconds is 5x4 = 20 feet per second. 

If the body had an initial velo^dty of 20 feet per second, the 
vekvcity at the end of 4 seconds would be 20 + 20. or 20 - 20 » 40, 
or 0, If the accelemtion is positive, the velocity k 40 feet per 
second; if negative, the body is reduced to rt^t. This may be 
expressed by writing r- u±ft, Mhere w denotes initial velocity of 
body, and e tlie velocity at the end of time, /, 

The space describe is equal to the pn^dtict of the average 
fmlmUg and (hr time. Or if denote the space, v the velocity 
at the end and u the velocity at tlie begianing of the time^ 
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t, respectively, then the avpracfe velocity with 'uniform positive 
acceleration, f, is 1 {v + v) = ^ ft ; /. s ^ nt + I- ft\ 

For uniform retardation we obtain s - 7tt - J ft^. 

Hence 'i^=^y±ft (1) 

s -= nt ± }, . . . (2) 

awfl substituting from (1) in (2), r- = u'^ ±2fs . . . . (3) 

(3) may be writUm as r- - u- == 2fs (1) 

When the body starts from rest, tlie initial velocity is zero, or 
M — 0. Hence the equations become r — ft ^ s — Ift-^ and ?•- - '^fs. 
If the acceleration be that due to the force of gravity, then ^^e 
write g for f v ~ gf^ .s* = \gt'-) r~ — 'Jgtt. 

Components and Resultants. — Wlien two forces act at a point 
along the same straight line, their clFeet is the same as that of a 
force equal to their algebraic sum. The two or mon* forces which 


are acting at the point are called compotfrnffi : tin* single force ecjiial 
j ^ to their .'-uin is <*alled the resnttont. Thus, in 
A OB Fig. 78, if the force.s (>A and OH, of 7 and 


Fio. 7a 4 units respecti\ely, act upon the point O, 

the resultant would be a force of thiee units actim: fnan 0 in a 


direction OA ; if the force t>i3 acted in tlit‘ same direction ns OA, 
the resultant would be e<|ual to 11 units acting from () towards A. 

When two forces, not in the .same line, acting cm a body in the 
same plane, meet at a point, the resultant will act at the same 
point in the same plane, and be intermediate in direction to the 
tw'o forces or conqionent.s. The 
force equal in magnitude but 
opposite ill direction to the re- 
sultant is called the Hinllihrlant ; 
the components and pguitibriant 
form a sy.steni of force.s in equili- 
brium, or balancing each other. 

Apparatus. — A board about 
IS"" X 11", fixed in a vertical fK)si- 
tion, and caiTving at each top 
comer a small tvood or metal 



pulley about S inches in diameter, 

which should be well balanced, pio 7i> — AppamtuB to niuFtmte Uie 
^ud made to rotate as ea.silv as paraiieio^m of forces. 


pt>SiSible; three small scale pans (tin or bims), string, drawing- 
pa^|>er, drawing-pins, and \veigljts. 

A convenient method of attaching the pulleys is shown in 
Fig. 79, where A B is a strip of woud fastened to the ba<k of the 




G 
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and projecting on eacli side, so that the pulleys will* not 
rest against or toucli the sides of the board. The three strii^gs, 
which should be* about 18 inches long, are conveniently attached 
to a sinall fiiefcal ring, (j. 

Exrj*:ui>ii':N'T 48. — Fasten a sheet of drawing-paper to tho 
board by means of drtiwing-pins ; pass two of the strings over 
the two pulleys ; put weiglits into all the pQ,ns. The total of the 
weights in any two jiaiis must be greater than the weight in tlie 
remaining scal(* pan. When lhf‘ scah‘ ])ans are at rest, carefully 
mark the din*ctions of the cords upon th(‘ paper, indicating the 
pull in (*ach coi'd, which is the wfdglit of scah^ pan together with 
the wtdght in it , also indicab* by arrow-heads the direction or 
sense of (‘jicli force. Alt<*r tin* weights in the pans, and, if neces- 
sary, change tin* position of the pajK*!- ; ])roceed as before, until 
three or four diagrams }ir<* obt. lined ; reinov(‘ the paper from the 
hoard, and draw lines through tin* points marked. Draw a triangle, 
having its three sides parallel to the directions of the forces in any 
of tin* above experiments, oin^ sjde ecpial in magnitude to one of 
them on any conveiiieut scab*. Measure ^In* other two sides of 
the triangle. 'rhos(‘ will he found to lx* nearly eipial to tlie oilier 
two forces rtsp(*ctively. Repeat the construction for 6*ach diagram 
you hav4‘ obtaim'd. 

If the \v(*ights P, Q, and U are in the ratio of 3, 4, and 5 
respeetively (say 30, Id, and oO grams), tin* angle (Fig. 70) 
is found to hf* a light angle, or 90. \Vheu P, Q, and K are 
et|uah (he angle is 1*20 . 

Owing to tin* friction gf the pulleys and the weights of the 
strings, tin* r(*>ults obtained by e\})t*rinient are not quite accumte, 
but are of sutlicient accuracy to show that the three force.s keeping 
equilibrium are in amount equal to P, Q, and R. 

Tlie triangh* whicli has us three sides nqual in magnitude and 
parallel in ilirectiou to P, 0. ami R resp{*etivfly, is called the 
triangle of forces, fif tirt\ if .u'ftwj at a point be 

r^presnittni in niatpilftifh' oni (fityrtimi fit/ the three sides qf <t 
trianpfe fah n in orth t\ fh*\t/ are nt rqnifibrittm. The converse is 
also true : when tlirei* forces wduch act at a point arc in equilibrium, 
the triangle drawn with its sid»*s pamllel to the directions of the 
forces re.spectively, will liuve tlnw' sides proportional to the forces 
to wliich each is parallel. 

Although pmved only for forces, the foi-egoing is true when 
applied to veh'H'itios and aceelerations. 

Parallel Forces, — \Vh»*n the foret*s do not meet at a point, but 
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are f^arallel, they may act in the same or in o^)posito directions. 
Tn tlie former cas^o they are called like, and in tlie latter unUke 
pamliel forces. 

In Fig. 80 a uniform bar or latli of wood, A 1>, about 30" long, 
2" X in section, graduated into iiiclios, is sliowji. A hole is 
nmde through tJie centre of . ^ 

gravity, and a stoel sjnndle ^ ^ X-b-- ► c* 

a)»out J inch in diameter, or 

a knife-edge, is inserte<l, tlie cai s :. :Q b33a | 

ends projecting about J incli 

on each snle. Tliese may bo "p X A q 

sup[K)vted by sheet-iron or (ff 

other siipt>orts, whicli are fas- / ' 

tencd to a wooden staml. Tlio / J \ 

M hole is placed on a balance as ' 

shown, and tlie reading noted. ' ^M^ratuv to .iinvuat.^ ,atan«i fon<-. 

Expkkimknt 49. — Attach, as shown, a w<d<iht, ]\ to the bar bv 
a loop of string at any con\ <‘nioi>j: <li^tane<* from th<‘ fid<TUin (let 
this distance be denobsl by a^ \ also a wei^ln, (^>, larger than P. 
Fiiul by trial tin* position of Q, s(» that the t\\f> fon’es balance. 
Let d be the distance of Q from tlie fulcium. Jh‘ 0 \o that 
P X a = Q X />. 

The products, V n and ^ an* calh'd the moments of P 
and Q resjx'ctively about tlie ptuut <' The leiiL:tl), e, is sometimes 
called the arm itf /\ and h is called tin* ann e/’ Q 3'1m* reading 
on the scale of tin* lialaiuc \m11 be found to bo /c (where 


tplMratiiv to ilhi'.tiatt' juitallwl fonyn 


tc-~ weight of bar and support) 

Hence the ecpiilibriant E, equal and opposite to tin* resultant, 
It, of two like parallel forces. P ami i}. is IM bh ^oid tin* algebraic 
sum of the moments of F and abcut C is /en>. 

It should be car<*fullv noted that tin* moment of P is the 


product of P into the jK*rp<*mhcu]ar let fall fn»m }>oi!it E in the 
ilireetkm of P. Henet* the moment of a force about a point is 
the product of the force into the perpendicular from the given 
point on the line of action of the force. 

ft is ea.sy to sluiw hy clmnging tin* weifrbt^ at P and that if 
the magnitude of P be doubled (the dis^tance'. (.f P and Q from O 
remaining constant), the inauintudc mu'.! also be doubhsl, fr»r 
equilibrium ; or, for unv incr< ii^-e in P. a (*MrreNp«»ndi)ig increase must 
W made in Q. Thus moment is proportional to force. 

In a, similar manner, by chansriiig the ffositions (»f P and 
along the bar, if the arm of P lx* doubled the arm oi must 
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also l>o doubled (tlio iua;,oiitad(‘.s of P and Q remaining constant); 
and f(»r any alteration iii the position of P, a corresponding altera^ 
tion in the prjsiiion of Q must he made. Hence moment is 
proportional to arm. 

Jn.st(fad of Iwo, three or more forces inny he applied to 
either side of the har, and the principle verified as in the former 
case. 

Ltit E denote the force equal and opposite to R. If \vc con- 
sid<*r tlie two indike parallel forces E and P acting on the bar 
A Ih the distjinoe Ix^tween tlnmi Ixdng denoted by a, the resultant 
is in maguitud<‘ E - P -- Q, paralhd to hut acting in the opposite 
direction to E, and at a distance b from the line of action of E 
such tliat Q X /> - ]* X e. 

Couple. — [n the case of two unlike parallel force.s, the rc^sultant 
is in magtiitmlo Ofpial to tlie dificTcaicc of the two forces. Hence 
when the forces an‘ ecpial and unlike ])arallel forces not acting 
in th(* saiiK^ straiglit line, no resultant (or single force) can he 
found to halauc(‘. Instead, we. obtain a ftfnivnt/ moment called 
a couple, and this can oidy he balanced by an espial and opposite 
couple 'I’he mouHMit of th(' c.ouple is the product of either force 
into the perpendicular distance between them. 

An cxamplt^ of couples is obtained when equal forces arc 
appli<‘d to the two handles of a book-press, <dc. 

Ai4’auati's. — The wood bar from last experiment; pulley and 
cord ; W(‘iglit8. 

Kxhkiumknt r)0. -Balance flu* beam as before, and attach two 
unlike parallel forces to the bar, wdiieli can r(‘adi]y be done by 
^ passing a string over a pulley 

^ as shown in Fig. 81, the pulley 

P n being attachetl to any convenient 

! support. Tf the distances of the 

tw o equal forces from the fulcrum 
l>e equal, and each equal to a, 
the moment of the coujjis will be 
P X r? P P X '2(1, 

P Now attach a third and equal 
weight to the Wr so as to produce 

Fio. $1.- to illustrate cijuilibrium. Let b be the dis- 

taiice of tills third force from the 
fuknim ; then P > 2o ^ P x k /. b ^ 2a, 

Kote that the couple P x 2a in |»ositive direction is balanced by 
an couple P x b in negative direction. 
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If more convenient, a Salter^s cylindrical balance may be 
uiied, as shown in Fig. 82 ; as before, K is found to be e(juai to 

P and Q + te, wln're iv we ight 
of lever ; aLsf> P x' a — Q x b, 

B 1 In each case the eight of 

* lil scale pan is included. When 

rTTTTT fnr f rn n i Ti 'i i -T'^-^-p-nP T T 'T't m * . "T r < f‘f gra\ity of tlie 

"" T-'a - b — lever is at the fulennn, the 

Q /\ w’{*ight of the lev(‘r lias no 

P Q moment about that point. Jf 

Fio. 82.— Parallel fomis. (j Po tlu' eeiitre of gra\ ity 

of the lever, and the })oint t>f support ))e on oim‘ side of <1 
(Fig. 83), then if ?r denote tlie weight of tlie Icvtu’, acting at G, 
the distance of <f from li being r, th(‘ weiglit. acting at a di*^!^!^', 
bj is balanced by P, acting at a^di.siancc*, e ; and wlien tin* lexer is 

balanced, P x a= /r x c-f Q x />. Jlenct* /r~ I'lius 


Fio. 82.— Parallel fon'os. 


indirectly we can tind the wd^ht of t}u> farr, and the result 


obtained can be checked )>y 
actual xx'cighing. 

In the form shown, the bar 
A B is called a lever. A ]ev(*r 
is detined as n rhjkl Un' n'hb'h 
enjxihfe (f niidlov (thtnif a 
fixed or support^ vdlbd 

/lifcrmn. A familiar ex- 
ample of a lever with ecjual arms 
is the balance, shown in P^ig 77. 
Apparatus. — W ooden bar, 
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Fm. 

>•" I'anxlM f(jri <,>. 

as in 

last 

«'Xperine nt , 


l>alance, scale pans, and weiglits. 

Experiment 51.— Place any knpwn wrjirht, at a ^}i^tan(•^* 
from the fulcrum <h‘noted bv o. Take a weiglit, i vxTM*r three 


times as great as P, and tiud a ]»oint on th<* bar h(> that the l\x«) 


w-eights, P and Q, balance; measun* the distance ai Q from tlie 
fulcrum, and call it L K<‘peat the e.\j»rrmKub using difTcrent 


values of P and Q, and \arving tlie di'>tiineeH of p and Q from the 
fulcrum. Tabulate thus : — 
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You will find that tlie jmxluct, Pxw in column 3, will a^ee 
with tin; corresponding values of Q x 6 in column 6. 

Centre of Gravity. —It is ])ossihle to balance some bodies on a 
knife-edge, such as the edge of a steel scale, or on a cylinder (for 
which a pencil may be used). ^Vhen the body is balanced, there 
will lx; as much of its weight on one side the support as there is 
on th(; oilier. 

We have found that when tw’o lik(* ])ar{illel forces are acting 
on a body, we can obtain a point about which the forces will 
balanci', and the rijsultant which is e(|ual to the sum of the tw'o 
force.s acts through the ]ioiiit. In a ‘similar manner the resultant 
of any iiumln'r of like parallel forc<‘s, which in magnitude is equal 
to their sum. can lx* found ; its point of ajiplication is such that 
the sum of the moments of all the forces on one side the point 
is equal to the sum of the moments on the other side. Or it 

may lx; e\presst*d as follows 

The point of application is such that the iiKnttevt of the resvlfcmt 
(thouf OHi/ jHoof IS ff/foft to Me alffi-ttralr sinn of the mompnis of fh' 
com/hooofts ((hoof thp MOor jxdof 

'Die earth [>ull or fon e of gra\ity on ('uch particle of matter of 
whi<*h a hotly is compoMMi constitutes an indetinite nuinher of 
parallel forci*s. Th(*re is for <‘\ery ImkIv a c<*ntre of Aveight, calletl 
tin* et'iiln* of gi*a\ity, or centre of mass, tlirough which the result- 
ant tif ail thest* paralh‘1 forces may be sup]>oM‘d to act : and if this 
point be supported, the botly will re^i in any position. This centre 
may usually he ohtainetl either b\ experiment or by calculation. 

AiM’AH.vrrs. S(‘\eral ]ui*ces of cardboard, zinc, 
or thin w'ood, cur into various regular shapes, such 
ns a triangle and a panillelogram, and also into ir- 
rt'gular shapes ; small h'atl hall and line string, to 
form a plummet. 

KxrFitiMFNT y*. -Jietennine the centres of 
graxity of the \anous shn|xxi pieces of cardboard 
supplit*d to you. To do tliis, make .small holes in 
any two angular points, as r/ ami h (Fig. 84) ; suspend 
the tigure from a, and in front of the figure hang a 
jdummet from the .same support, and draw on the 
Fm. s4 (Vutre face of the figurt* a \eriical line a c\ The centre of 
graxity of the face lies in this line. 

8usj>end the figure from any other point, such as m obtain- 
ing the line b d ; the intersection of these lines giA^s G, the centre 
of gravity of the face a b c d. If the figure be uniform in thick* 
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Tiess,*the centre of gravity is at the point of inteiseetion at a point 
lialf-way throiigli the thickness. The construction can be \enfied 
)iy balancing the figure on the point Ci, on a pin placed in a block 
of wood. 

The same result would l)e obtained by balancing the given 
figure on the edge of a steel scale. When balanced, the line along 
which the figure is resting is marked, the c(‘ntr(‘ of gra\ ity being at 
some point in the line. If when balanced in any other j)osition 
another line be marked, the interscttion of tin* two lines, as before, 
will give the centre of gravity reijuiied. In any regular ]>olygon — 
that i.s, square, pentagon, liexagon, etc. — tin' centrt* of gra\it\ is 
the point equidistant from all tlie angular ]if)ints of tlio ligure. 
In a uniform rod the centre of giaxity is at its niiddh‘ point. 
For a tapering rod, such as a j>oint(‘r, the eeiitn* is lu'arcr to the 
thicker end, and can be found b> balancing on the c‘dge of a scale. 
Ill a triangle tbe centn* of grawt\ is two-tliirds tlie line joining 
any angular point to the middle ]H)inl of 
the opposite side, measured from |Jie angu- 
lar point. 

. Appauati'S.-- Wood or eardboarrl tri- 
angle ; square pentagon : semiciicle, et(‘. 

Expkkimkvt r>d.— Fiii<l tlie centre of 
gravity in each case, and ]>ro\e tie* 
rule, 

ArpAKATrs. — lirass wir(‘ 2 *» mm. 

diameter, or sk(*l<*toii wire*, cube or tetra i k*. mtn* of 
he<iron, liner wire, thread. ofawm fi.mo 

Experiment oL- To obiain the emitre of gr»\it\ of a uiri* 
framework. In Fig. ^^5, thr<‘e win>s, al'ont 2 <»r .‘i mm. diameter 
ami 12 or 14 cm. in length, are so}der<*d togetlier at A. 4 o i>ne of 
them, as AC, a piece of tine wire i^ attach* d. The tiam(*wf)rk \>> 
hung up by one of tin* corner^. Ik to any eonvenn nt support, and 
the W’ii*e, is bent as to einbra**** loos*‘ly tin* stiing of the plum- 
met; a piece of thread or tine string may bi* atiatiierl to indicate 
the direction. It is next suspended from ai»(*thfr p<nnt, C, and 
the point w'here the \eiTical line thioiigh C cuts thf* thread or 
uriiig is determined ; this i.s the c^uitre of gra\ity required. 

In a similar manner the verticalj> through tiie e<Mitre of gravity 
of the skeleton cube* or tetrahedron can he obtained — the former 
at the j>oint of intersection of the diagonals, the latter at a point 
one quf^ier the line joining tbe middle jjoint of the basf*. to the 
opposite vertex. 
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SUMMAIIY. 

A force may reprewtinted in magnitude, direction, and position by a 
straight line. 

If two or more forces act ui)on a mrticle in the same or in contrary direc- 
tions, and in the same stiaight line, tneir effect will l>e the same as that of a 
single force etpial to their sum or to their difference resjiectively. 

Momentum is the quantity of motion of a l>ody, and is measured by the 
pnxluct of its mass find vc‘locity. 

Unit of momentum, the prcKluct of unit nia,ss and unit velocity. • 

Acceleration, the force causing motion ^ mass moved. 

Like Parallel Forces. — The resultant is efiual to the sum of the forces, its jxiint 
of ajiplication l)eing at some definit(‘ jionit in the .straight line joining the forces. 

Unlike Parallel Forces. -The resultant is equal in magnitude to the differ- 
ence of th(‘ forces ; its point of ai>plu-ation lies in the straight line joining the 
given forces ])r»»<lncf‘(l and lu-arer to the greater. In each case the iwsition is 
such that the algebraic sum of tlie moments of the forces about the point is zero. 

* Centre of gravity is that point at>out wdneh a botly or any system of bodies 
may Ih» balanced. 

Evehcisks. 

1. The n’clocit> of a IwKly is incri .a'-.ed luiifonnly in each minute, of its 

niotiou by yardN a minute ; by how many feet a second i** its velocity 

increased in each secon<1 ? 

If the acceleration of a hodvs velocitv, due to the action of a certain force, 
is 5r» III feet and seconds, what is it in >*aid-> and minutes''' 

2. {ft) A particle moves along a straight line, a.id its velocity is uniformly 
*arccelerate<l ; at a certain inst.uit it was moving at the rate of SOO yards a 
minute, and after (5 seconds it is uiovmg at th<‘ rate of 5o feet a second. What 
IS the acct'leration in feet and .st'conds*^ 

{/i) If the mass of the particle is 12 o/ , how many poimdals are there in 
the fort c to which the accelenition is due? 

H. Define an al»sv>kite unit nt fore** w'hcu a foot, a sccsuid, and a jnmnd are 
taken as units llywhatmiun* is this unit of force commonly known? How 
many such units are there in the force whuh, acting for 3 M^smds on a particle 
whose m.iss i« o o/ , commumcati's to it a \**kK’itv of .‘ilK) yards a minute? ^ 

4 , What diHtinetiou is usiially matle iH^tweeii tlie “iiuvsh” and the “weight’* 

of a lx>d> ? . 

Wh.at is the gravitation unit of foioe, and how do 'vou derive it from the 
Britisli uKsobite unit'' 

If a mass of 2 lf«s , mt‘Mng nnifonnh at the rate of 10 fc*et » se<si«d, be 
actcil on by the lintisli alKsoIute unit of force for 2 w*coiids, find the final 
velocity. 

5. A Us-ly whoso mass is :t list, aoquu'es ui o soconda a \ek»city of 80 feet a 
Bwmd ; how tmuiv ]ioundals aie there in the fin-ce which, acting m the direction 
of the motion, causcil the UkIv to ae<|um* tliis wliK'ity ? 

A Insly whos^ mass is 12 lbs. is touiid to gam a velocity of 15 feet a 
mfcond whoii act»sl on by a constant fitree (P) for stvomD ; find the mwnlier of 
IHHindala (nr British a\)^»lute nnit^' of force) in P. Wiiat nitm dot^ F l»ear to 
the force everbsl by gravity on tin* Ksh 

T. A liody wii(>sv veh>citv mHlergts*- umstant acceleratiim haH at a eeri^iti 
irmtant a velcK'ity of 22 fts*t a wtscsnid ; in the following minute it describee 
10,320 feet; find the constant aocelenitiou. 

The velocity of a U»d\ l^ increascil unifonnlv in each second by 20 feet a 
•econd : by how many yards a minute w ill it« velocity l>e increased in one minute f 

0. Define a |>oimdid (or British absolute umt of force). 

If a force of five |)onndals acta on a mass of 10 Iba. in the direeticm ts4 tlm 
motfion, wimt velocity would it impart to the mtm in 3 seconds ! 
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Ift. Draw an equilateral triangle ABC. and produce BC to D, lualving 
CD equal to BC; suppose that Bl) is a rod (without weight) k<*pt at re^t liy 
foresee acting along the lines AB, AC, AD: gi\en that the force acting at B 
is one of 10 units acting from A to B, hnd by construction (or ethc-rwifc) the 
other two forces, and specif.v them completely. 

Mention the points that go to tlie s|H"cification of a force. 

11. State the rule for the comiioMtion of two \clocities. 

Draw a square A B C D and a diagonal BD. A particle mo\ es along A B 
with a given velocity ; find the velocity that must be inqui ^-sed cm it .'it H to 
make 'it move from B toward.s D with u velocity einial to tiiat with which it 
was moving along A B. 

12. If a man l^ie walking with velocitv ti tlirougli rain th scending vertically 
with velcxjity 20, determine graphically in magnitude and dnectioii tin* vel<K*ity 
of the ram relative to the man 

13. Draw a triangle ABC. wlio^e .‘'idi'', liC, (CX, A 11, aie 7, Ih 11 imitB 
long. If A BC^is the triangle for tlirei* foices in equililanim at a jxant J\ and 
if the force corresiKindiiig to the .>idc BC a foice of 21 Ihs , show in a diagram 
how the forces act, .and hnd the magnitude of the nth* i two fuiei*^ 

14. [a) A B C IS a tnangde w leisf side s, Ji C, ( ' A, A 11. aie 7. 4, ’> imits long ; 
at A tw'o foi’ces act- one of S units frefrn A to C, an<l one of 10 unit'* from A to 
B. Draw a straight line thiough A t<f iepr<''.<nt then icsiiltant iii all lopicts, 
and .state the numlH»r of iiiuts of force m the result.int. 

{h) A iKill moving at the lutc of 10 feot a coud iv sf uek in siu h a wav that 
its vekK'ity is inen-a^t'd to 12 feet a M-ioml. .imi ih« ihuetion of tin new \«doeitv 
makes an angle of 4ri"v\ith that of the old \«l<»(itv; luid bv t on‘‘tnitlion the 
velocity iinjiarted bv the blow, and its (ln< i turn 

lo. Draw a line A B, take a ]M»iiit (’ in n. and in.dNe an angle B(’ D of 40k 
A ikarticle moves from A to C w ith a \« lo( itv 20 : at C O'* \« )o( itv is ( hanged to 
30 along CD; find by coiSHtriution drawn to m ah tlie niagnitudi and dm ( turn 
of the velcKity ipijiressed on tie* paitiele at C 

10. State the condition of the eipiihbiiuiii of ihr»e m ting at a jx'unt 

called the triangle of foices. 

Show by a diagram drawn to sealc the Inn., along vCiirh tlufe hirers of 
13, 13, and 5 units must act if thev are in e'^juihhiium, and hnd Irom tie di.v 
gram the angh* lietweeii each p.'iii of h-rces. 

If, Enunciate the prujKMtioii kiu*wri a- tie* tii.'ingii <'f f»»iees 

One end of a string is attarhed to a fixed |»»)inl and ab» i pa-^ing over a 
smooth B in the same iKin/imtal j»lane, Mi‘-tains a w * lurht of IMl'' Aw«ight 
of 50 lbs. is now knotUnl to the ^tnng at mtdw.iv Utwisn A .icd J> I'liul 
P so that in the jKw*ition of ecpnhbrium A (' mav m.»ke an angle i*f <)(> w ith A B. 

IH, Two forces act at a |>ornt ahmg two given line^ reH}« ctivi Iv ; state how 
Bieir itNSultant can be found Iw eonstruction 

Ibraw an angle A O B of 12b . and rlniw CC w tthiri the angle A O so that 
AOCinayhe4ok If a force of l(Ki unrts .art** fiom O t</ find iby loustriu tam 
<»r othervvise) cvim^xmeiits along O A and Ik 

1&, Draw an equilateral triangle A B(' A brfly moves from B* to A with a 
velocity of 20 feet a s*H?ond ; hnd the \»d<>citv that iiiu‘‘t !«• impressed rm it at 
A to nmke it move frtun A to C w irh a ve]«»f irv of 2ft f» et a se cond 
^ 20. Draw a square A B C I). A part lelemio os along A B with a velocity 10; 
ts made to move along I* C with a vepjcitv 2’* : find tfc' imigiiitude ami direct 
tion<i| the velocity that must U' imprefisMl on it at B. 

31. Draw an equilateral triangle A BC A force of 10 units actn from A to 
Ik and Oiie of 1,5 units from A to : find their rf««ultant by coustniction. Also 
hfid what their resultant would lie if the forc^ of 15 unit^i acted from C A. 

22- A body elides down a smooth inchm^d plam, the height of which ts 
a^the iei^th 100 feet ; find (o) the acceleration of the body's velocity 
’'vnue sliding; (!>) the velocity which the body acquires in sliding from the top 
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to tli(' lK>ttoin of tlip ; (r) tlie time it takes, starting without initial*velo- 

city, to get from tlu' t(>p t(i the bottom [n - 82). 

23. Given tl)e foirnula a -= i ft^ state the meaning of each symbol in it. If 
the fr>rmula is to bf‘ ar>v>lied to the case of a falling iKKly, and /is gi\en equal to 
32*10 or {approximately) 32, what Hupi>osition is implied as to units of time and 
distance? 

Nf'glecting the re.sihtance of the air, find the time taken by a lx)dv in falling 
from the to]) of the Eifft'l "J'ow er, 300 metres high. metre = 3*281 fe-ef, ) 

24. Taking f</r grant'd the formula — 

.s- Vt ~ ft ^ 

state. th(‘ meaning nf each s\mbol in it. If a bodv falling freely descnlx^^- a 
distance of 30 \ards in h.ilf .i s< cond, what was its \i’lr»city at the beginning of 
the hal f -.second *' [n - 32.) 

2."). A ])nint ino\«‘-, m a st^iight line, and its velocaty undergoes a constant 
aeceleratuni ; stat** h<»\v tliu ju (•(•ler.ati<»n is nu'iisured. 

11 the |w)int a(‘(|iMie', m P) s<‘eonds a \<‘h)eit\ of 300 miles an hour, wdiaf 
is tlie a(r< h-ratinn in b-ei, and sreonds*' What ratio does this acceleration bear 
to the }U'( eleration of the \eloeit\ of a lK»dy falling fieelv? 

2t>. A bodv Is thrown upwaid from the to]> of a tower with a velocity of 
48 feet a st-eond : find win re it w ill h<‘ .it'the <*n<l of 4 seconds 0/ ~ 32). 

Wilt* down the formula or foimul.6 b\ m< an.s of winch you answer this 
cpiestion, and state wliat it means ((»r tlaw mean I 

27. A bod\ falling treep ha^ a \elo{ itv V at a (ertain instant ; in 3 s(>coniK 
from tliat instant it falls tluough a distance e. and m fJ .seconds from tljat 
instant it falls tluough a distance />. If the uUio (*t n to h equals that of 4 to 13. 
hnd \ . 

28. State the ruii- foi Imdiiig tin* result, tut of two like ))arallcl forces. 

Wh.it IS uic.iiit ulit'u two ].arallel forees oe saitl to 1 n‘ ‘‘likt'’’? 

A uiufoiiu lod \ r>, «; feet long, lests on two |K>int'« in a horijtontal line, 
o f<‘et ap.irt ; oiie ot tlu juants is iind< i A. If the wt ight of the rod i?' 20 lb**., 
find tile fucssuie on e.ich iMunt 

23 A straight line A !» ie]>icseuts ,i r <1 10 b*et hmg su])]K>rted horizontallv 
nu two ])oints, one un<h r eacli end ; < ' is a jMunt in A B. 3 feet fixun A ; wdmt 
prt'ssure is produ< t'd on tlu* jxants A and !» by a w* ight of 30 ll>s, hung at C? 

What adiluional ]u» ssur« is f\**rted on the ixunis <>f sup|X)rt if the rod is of 

m.itt»rui tleiisitv and w eighs 2u lbs ' 

3tt. L*'t \ B icpn*, stilt a liou/ontal line 10 feet long, and F a ]H)int in it 
0 iiK'hes from V ; snpjxfst' tliat A B is a levu that turns on a fulcrum under F, 
and c.tmes awtight of .*>0 lbs at B: it it is kt pt hon/outal bv a fixed ]»oint 
abne the rod. ,*> inelit s fnun B and 1 inch from A, tlntl the pres.->tire an the 
lulcrum ,md on the ti\»‘d {want. 

31, A rod oi le\t>r is gap.i.ble of turning fn‘*l\ louml a fixed jioint or ful- 
crum. and Is at ted lui by a foiee at t'aeh end; putting the wtuglit of the lev«T 
out of the (jnestion, .state thi' rel.itiou which must exii-t betviecn the forced W’heii 
the ixmI sta\ s at rest 

l>raw an equilateral tnaiiglo A BP, and let 1»P represent a wcightlciis 
lever acted on at B by a tou e of 7 units from A to B, and at C by a force of 
tl units from A to P If tin h \ei is at ic.st, tmd, by ixm^truction or otherwiae, 
tlh' jHvsition of the fulcrum ; tmd als*) the magmtude .'ind direction of the 
«ur<‘ on the fulcrum. 

32, A wt>ightless rod A T> htin/oiitallv on tw o |>oints under A and B 
14 ajiart ; it carries a vstught susj)i luhnl fnun i\ i*oint X, which cau»e« a 
prt‘s>.ure of 3 units on A. and of 7^ units on B; find the distance of X from A. 

33, Eiuml forces act on two bodies wh<«»e nia.s»x-a air M and m ; at the eud 
of a secona the former h mov ing at the rate of 10 inile«^ an hour, and the latter 
at the rate of 110 Wt a second : find the ratm of M to m. State the phyatcal 
principle tliat just i Hen your answer. 
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S4.* A lK)fly moves alon" a straigrlit lino ; its nias.s is r>, and its \ol<nMtv is 7 ; 
at the end of thret* units of tune its \olocitv lU. Find ((?) tlio oiianji^o tliat has 
taken nla^jo in its momentum ; {ft) what will bo the ehanpro in the inoinontuin at 
the ona of each unit of time, if the force tliat acts on the body l^ coii'^tant. 

Mention a familiar instance of a bod}' moving in a stiaight Jme imdei the 
action of a constant force. 

Define momentum. 

If a gun weighing 70 tons fiiO'* its (mO lbs. jn*ojectilo with a lelocity <»f 
1,7(H1 feet yx^r second, find its vehs itv nf rocml 

(A>mi>are the kinetic oneigv of letoil with the kint^tu* (‘iitTgv of llu* pro- 
jectile as it leav es the niu/./lo of the gun. Why wvaild v<>u m»t evpcct to find 
them equal 

A lamina of unifonn density is m shajx' a paiallelngram ; when* is its 
centre of gravity situat(*d ? 

If the lamina Weighs -1 Ihs , and a ])arti(le wt idling 1 11». is ])la(a‘d at an 
angnlur iKiint, whore is tlu* cmitie of giavitv ef tin wh'-lc sihiat*‘<l‘' 

37. Particles whose m.isM^s aie 2, L*. 3 aie placid in nnh‘i at the angular 

|w»ints of a square; sliow madiagiani the pusitiou ot tlunr centie<»f g!.i\it\. 
and find its disfanci* fimn the paitnle whnsr mass is :> 

3>>. In vs iuit siiiso may an uiea be said t<» ])oss( sH a (rntieof giavilv? 

ABC* 1) is a plan<Mpia<hilat» lal ha* mg tin sid*^ \ lb ( ' I ) pai.dh 1 l)et(T- 
niino, graplucallv or otherwise, tin jMivUnm nf its t« ntn I'f giavitv 

^ 30. Draw an (xpiilateral tiiaiigle A r»(\ ainl N t partn ii‘s whose masses are 
5, fi, 7 1 h‘ placed at A, l», (’ lespi etiveh^: fmd h\ ( nii'iiiiet ii»n the ceutu of 
gravity (< J ) of the partkhs, ami in*t« what pait \<J i' <>{ AC. 

Mention one proj»eit\ ol thee*ntie(‘f glaMtv <.f a hedv 

State wh<‘r(‘ the («ntn of g-i.ivitv is situat*d m (e) a e\ lnnh‘1 , 
paralleh^ram, oath lx mg of umfuim densttv 

41. A li is a nxl <if unifonn < ne- •,< < tnui, 1L‘ f< « t Iotilt ; t js made up <if tv\ > 
i‘sls of lypul lengtii, AC and ('Ihtiiinh pamd at C* tlnv an <»f ddbrent 
lUiiterials, h<» that A wnghs 3 I'os . C p, wi ra:lis 2 Ihs, lei f ind tlie tln.- 
tance fn>iu A to the oentie of giavitv *»f tlie nxl; hud aisowint weigld must 
ls‘ placed at P> that the emtre of giavitv ot tin wiioh* n t\ he at <' 

42. AIICD JS a rectangle, and AC n me nf its diagi'iials; ft<nr ('(psal 
puiticles are ]»Iuct*d one at each an.nilar isant when n tin u (* ntie .,f giavitv 
if, oth<‘r thing's H'maming’ tin* s,inn , tin patt.«]e at C i- ni')\.4{ tn winie js 
n»*v, the centio of gr.ivitv of thi f'»ni pattnhs ' 

43. State howto find tin untte uf gi,i>it\ nf two p.otu 1» s w husj Oj(asses 
are given, and which are phutd a gi\« u distam*' apait 

If the m,H.s.sr*H are ft and 7 nmls, and tin v .u< plac* d .3 hs t ap.iit. how fai is 
th»*ir centre of gravitv fmm each of tin m *' 
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WORK AND ENERGY-PRINCIPLE OF WORK- 
SIMPLE MACHINES. 

Work. —If a forre acting on a body causes it to move into a 
dilVercut position, or elianges the*forin or size of the body by over- 
coming the resistances wliicli op])ose tlie cliange, the force is said it) 
do m^rk on tlie Ixxly ; thus trotik hy a force wimi its }K>lnf 

i f apyl inti Ion iis morlny in iUrection in 'ivhieh the force act 
The amount of work is measured by the product of the force P 
multiplied by the distance S, through which it acts, or the 
resistance miiltiplied by the space through which it is overcome ; 
or, work = F8. Jn the cas<* a weight ?r, raised to a vertical 
height hy the resistance is due to the action of gravity, and tlie 
work done is tin* jwodnct (fth*' wviyht mnltipJonl by the height //. 
or irh : tliis is ealh^l the potential energy of the weight. 

Th(‘ unit of work is the product of unit force multiplied by 
unit distance. 

In tlie F.P.S. system, the unit distance is a foot; bulthe unit 
force may he the poundal, pound, ton, etc., and the work done is said 
to be in foot piiiUi did s, pHtf-^nmnds^ fnit-tam^ etc. In tlie C.G.S. 
system, a dyne is the force which, acting on a mass of one gram, 
proihices a velocity of one centimetre }>er second. The unit of 
work is the work tione by a dyne through the space of one centi- 
metre, and is called an erg. 

Energy is the capacity or ability to do work which a body 
possesses in virtue of its position os^its motion. 

Measure of Potential and Kinetic Enex^.— The energy of 
position of a weight w raised to a height h is tvh^ and is (^led 
the potential energy of the body : if allowed to fall, the velocity 

due to a height h is given by ; hence kA «» 
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The expression on the riglit is called the kinetic energy of the 
body; it h mimerically equal to the work done on the body, and 
aho represents in foot-pounds the amount of ivorh whieh must be 
done on the body to briny it to nst 

. If m denote the mass of a body, then since m - , the ki- 

netic*eneigy of a mass^ m, moving with \elocity, r, is Imr-. 

This very im})ortant result may also bo obtained in a more 
general manner as follows : — 

A constant force f acting on a bo<ly or mass chang(‘s the 
velocity from u to v in a time f, during \\liich the body mo\'es 
through a distance s ; then if f d(*note the accidi ration ])rotlue(*d, 

V- - ~ 2/s*, 

or — I mu- -- mfs ~ FS, 

If the body start from rest, u is zero, and In'iice FS. = Imr^. 

Other familiar instances of potent i(d, eneryy are, a (•om}>r(*ssf‘d 
or wound-up spring, etc.; and of hinetie emryy^ in the motion of a 
projectile or a fly-wheel, etc, 

,ln addition to the two important forms of energy just refi^rreil 
to. there are other forms, .such av heat energy, strain energy, and 
oIho chemical energy, electrical energy, sound, and light. Many 
illustrations of all the forms of (*nergy just referred to are easily 
obtainable ; only a few can br* refern‘d to lien‘. 

In Ok steam-engine the lH*at given to the water converts it into 
steam, W'hich may be at a pn*^sur<* < onsideral»ly greater than that 
of the atmosphere ; thi.s, when allow «*d to pre>s against tin* pisum 
in a cylinder, may, by means of suitable mechanism, be made to 
do the iwork of driving machinery, etc. Tn gas and oil engines an 
explosive mixture is compressed behind a piston, ami w'h(*n fin d 
great heat is dev’clojied, and in eons«‘f|ijence great [ires.sure ks 
obtained, which can be made to do u.seful wiak in a variety of 
foms. In a similar manner woik is flone wlien a spring, 
l>emg wound up, is bent or coinjire.ssed : the .spring at quirts 
potential energy, and in running down may be made to do useful 
^'ork, such as driving the mechanism of a clock or watth, f‘te. 
When a currtmt is sent through a wire, as .shown later tni in 
Experiment 183 , the w ire is hi-aU d, and may b(* made iv d hot or 
incandescent, giving light, 

OORserraMon of Energy.— -Careful experiments of great accuracy 
have beejii repeate<lly made, and it lias In^en shovyii conclusively 
that tile disappearance of em^rgy of one kind gives rise* to an 
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equal amoiitit of another ; thus in tlie case of potential etierjy 
and kinetic energy we liave found that tlie one is numerical} v 
equal to the other, or the sum total remains constant for all posi- 
tioTis of th<‘ body. 

Power is the rat<^ of doing work, and it is evident that some 
suitable unit tnusb be Mdected. An agent doing 33,000 foot- 
pounds of work in one minute, or noO foot-pounds per second, is 
said to work at th<» r.it«‘ of one-horse power. This is the unit 
adopt (‘d in the F.P.S. system. 

'I'leMv* are various contrivances cail(‘d machines by which the 
force acting on a body (ran be inoilitied in amount, in direction, 
or in both tog(‘th(*r. 

The principle of work Stat<‘s that the lom'k expemled on a 
mtirh lne /s eijont to the ir n‘k <h>m' A// fh(' otorhnn^f together with the 
ivorh font ht Jrlt'tioiHrJ Thus, if the work done by a 

machine in any gi\en turn* is l.OOO footqioiimls, and it is known 
tluit f(»ot pounds aie lost in frictional r<^sistauc(^s, then the 

work in fo(»t -pounds expended^ on the machine must be 1,000 
4- *27)0, or 1,2“)(). It is often couv<mi(Mit to (unploy a small 
force moving through a hirgi* distaiuv*, which can be made b) 
exci't a comparativ(‘lv large force by moving through a .small 
di'^taiuM' 'riius, if Vj and \V dtmote two forces acting on a 
machine, tin* first denoting tin* a{»plied force or effort, and the 
hitter tie' weight raised or r(‘>i«>tanc(‘ overcome; L and / the 
distances mo\e<l through by H and W n spectively, in the same 
time; then thf* mtrh on the maeliine is E x L, and the 

v'orh doo' tof the moe/nne is \V x / , hence if F denote the work 
lost in friction, then 

K X L . W X / + F. 

If wt‘ m-glect friction, tlu'u 

E X L - W X / 

p: / 

A\' "" i; 

'fhis is somet inn's e\ju'ess<‘d by, ir/mf in gamed in Jorce is 
tost in sfh>etf. 

Tin' ratio of \V to I" is called the mechanical advitnta^ It 
should be eurt^fully iu»ted that no force is createil by the machine, 
but in every cast' there is a loss due to fricrional and other resist- 
ances, The Work iK'tually done by a maehine is callf*tl the uaeftll 
work, the amount of extra work which 1ms to bt* done on a 
machine to enalde it to do this work is called the lost work, and 
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tiiC Siam is called the total work ; the ffficienoj of the machine if* 
th^ ratio of the UbfiiJ to the total n'ork. 

. useful work 

. . emcieiicy = 

total work 

, The simple niachiiics are— (1) the lever, (2) lli(‘ pulley, (3) 
iBclined plane and screw. 

Inclined Plane. — If a .smooth cyliiuh'r be }»ie\eiited from 
rolling down a smooth, inclined plane (Fig. y 
SC) by a force E acting in a tlirecliou \ 
parallel to AD, the three forces which keep ^ 

C at rest are— the yh/re E, the naefion H, 
and the weight W. j ’ \ 

If to any convenient .scale a line BIT is ^ 
made equal to W, and JIF and BF iider- | 

secting in F are draw'ii ]»aralleT to E and W 

li respectively, the lengths of 11 F and B F, 

when measured on the same sculf‘, giM* tin* amounts of tlie foice E 
and th<‘ reaction R. * 

It wdl be seen that the triangle BFll IS similai to tile triaiiyh* 
ABl) ; if the triangle BFll were laid on the tiuangle ABI) so 
that F falls on B and tlie Jme Fll coimahs with a portion of 
BD, then BF would coincide wit li BA, and Bil would b<‘ )»urallel 

1 w -^1 = 

VV Bil A !> leidith ot pl,un‘ 

•. E X AD -- W ^ BD. 


re', - IiK [tlane. 


In a similar manner, when the dir«*ction of E is hnr 'i\(mt<il or 
fiarallel to tlie ba.s<' A B, drawinL^ HX par.ill<‘l to tie base \B 
and prcxlucing BF to meia it in X^. 11 X denf4«s th*‘ force f], 
to the sfime .scale that Bil denotes \V , also BX t(» the same * 
is the pressure on the plane. 

. Ej HX 1 *D heiglit of plane 

‘ ’ W 11 J» AB bas** ot plane ^ 

or E, . AB W V BD. 

ApparatPS. — A }>iece of hoard A B. about 21 x C x 1 , is 
fi^stened to the lower edge of a tixed vortical board A BDH (Fig. 

A piece of board A(\ 20' * n I , is attaclierl to AB 
ti hinsre, k ; by im^tins of a tightening «crew' or a ]>in, the pii*ce 
AC, moving on the graduaml scale nIiowii. can Ik* f»<»t at a 
desired inclination. 
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A roller carried by a light brass frame moves freely along the 
inclined surface AC, being held in position by a string attached at 
one end to the brass frame, and passing over a pulley F (which 

can be fixed in any position on 
the vertical piece B D), and 
has at its extremity eitlw^r 
a hook to which weights 
may be attached, or a small 
scale pan as shown. 

Instead of the roller, if 
more convenient, a small 
sledge may be used; this 
should run as frictionless 
and as easily as possible on 
four small pulleys. 

Expicuimknt 55. — ((f) Fix theY>lane at any convenient inclina- 
tion ; add weights at scah* pan P until tlie roller, when started 
(which is easily cflccted by rapping the board), moves up the plane 
at a uniform speed. 

Draw a triangle, having one side vertical and equal to W,.the 
othiT two sides [virallel to the directions of li and E respectively. 
Measure the valiu‘ tlius ohtaine<l for E, and compare with the 
value obtained by ox[>erimeut. 

Alter the inclination of the plane, and repeat the experiment. 

(/>) Wlum tlu‘ scale pan falls tlirough a distance measure the 
corresponding height /i, to which \V is raised; then the work done 
along the plane E x /, and the work dont) in raising W, or W x h, 
are neurlf/ equal in each c<{sc ; they are not quite equal on account 
of the tvork wasted oji friction, etc. 

Tabulate your results as follows ' — 

"j ' ' 

) dae to fricUoa 
I (El-WhX 

“ 7 " 

I 


(c) Bepeat the expu iment wh4»n the pull B is liorURontab 
puU cait be applied liorizont4|lly by using a simple wire l^e wi& 
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enou^i to clear tlie sides of the plane, and adjusting position 
of the pulley F. In this case, wht*u the rolhn* nKn<‘s uj) tin- plane, 
the direction of the string \\iil W altenal, but the inclination will 
remain approximately the same for a small mntion. 

(d) Ascertain the value of E, pisl snflioent to tan^e rnMii<»n ; 
di^w a triangle, haAnng one side \(‘Hieal and etjual to iho other 
two gides at right angles to the ]»lam‘ and j)aralli-l to tin* hasi» 
respectively. Measure the value <if K so ohtaine<], and com- 
pare with that obtained by experiment, and from tin' formula 

E > /> -=. W X /o 

(e) Alter the inclination of tlie plane and }>osition of ptdh*y F, 
and re}>eat the experiment until live or six results are obtained. 

Tabulate thus : — 


w 

E 

i' 

I. j 1 

1 


1 

-J 

• 

'i 


l.o'-s <)in* t(j fi t( tifiij 

(II) \Sh) 


1 


I 

1 


A* 


r 


B 


In the simple machines the mechanical advantage k most 
easily obtained by the principle of work. As any complex 
machine is usually made up of a nuinher of simple m.<< hines, the 
relation between P and is found by nnil(ip)\ mg tom ilicr the 
mechanical advantage obtain(‘d from em h smiplt; maehmt of \\hi<*h 
it is composed. 

The lever has been already con- 
sidered, but tlie relation bi‘tue«ai 
E and W can easily Ik.* obtained 
by the principle of work. 

Tlius in Fig. 8S, when th< 
lever AC moves into a uvw j>osi- ^ 
tion A'C (the angle through wliich f'*'* 

the lever moves is supposed to Ik* small). I>ruw the \ertieal lmf*H 

and intersecting the line A< ' in p and y respect i\ely 

The work done on E - E x A '/a 

The work done on W W x C7, and th<*sc* Ijeintr equal, 

ExA>-WxCy; E _ C? 

W A>‘ 

(bOlM) 7 


C* 

W 
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But, as will easily be seen from the similar triangles A' BA and 
Ap BA BA 

hence E x B A - W x BC ; or E x = W x 6, where a and^ h 
denote the h'ligths of the arms AB and BC respectively. 

In tlie lever sliown in Fig. 88, the moment of E about the 
fulcrum, or 1^1 x AB, is equal to the moment of W about the same 
point, or W x BC ; but when the lever is inclined to the horizon- 
tal, the moiiHuit of E is E x B/;, and the moment of W is W x Bf/ ; 
hence in ac'curate nu‘asurenients by the h'vt'r. as in testing machines, 
etc., arrang{‘m(‘nts an* made by which the lover can be kept hori- 
zontal during the operation. 

Pulley. “In the (*.ase of a pulley, which may be considered 
as a lover with equal arms, for. any downward motion of one 
K(‘etioii E a corresponding amount of motion of W 
occurs in an upward direction. Thus the pulley is 
useful in changing the direction of a force, the lever- 
age remaining constant. The pulley usually consists 
(‘ither (»f a disc, as shown (Fig. 89), or of a *rim 
which may be grooved so that a string or rope can 
rest in the groove, and which is connected to a 
cylinder of metal at the centre by ‘‘arms.” It is 
ma(U* to rotate as easily as possible on a spindle 
passing through its centre, and supported by a suit- 
able block f/. 

Let E denote the load on one side and \V tliat 
on the other. The two forces for equilibrium are 
equal ill magnitude. To cause E to move down- 
wards, a slight addition ti> it must be made to over- 
come ilie friction of tiie sjnndle and the rigidity of 
the rope. 

If E' is the amount required at B to make the 
two loads move at a uniform rate when started from rest, then 
E' - E is a measure of the friction. Instead of E' we may use W 
to denote th<‘ load which will give uniform motion. 

Apfaratvs. -- Bmall tixed pulley and scale pans, w^eights, and 
sheet of squared paper. 

Expkkimkxt 56. — Fix the pulley to any convenient support; 
put equal weights in the scale pans at A and B : it will be found 
that if an impulse is given to one of the scale pans, it will only 
oontinue to move for a short time, and through a smidl distance, 


A A 


/A\ 

c 


k 


w 

Flij 

pulley. 
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before friction brings the system to rest. Weights ur(* jukletl to 
one scale jmn until, Avhen a slight impulM' is gi^('n, tJie s>stem 
moves at a fairly unifonn rate ; tlie luhled \\<'i'j;hts are retjuirtul to 
overcome the friction of tlie apparatus. Call tin* weight in one 
scale pan E and in the other W (in each ease ineliuliiig the weight 
of the scale pan) : W E is the amount reqiiin d to o^ercouJe the 
frictional resistances. Tabulate as follow s : - - 


rrt(‘ct of fm tioo 


Alter the wviglit E and tind the eorre^ponding rnnount in W ; 
rejieat the expeninent, using ilillrnnt w^nj^hts annl abnut ten 
results are obtained. 

Plot the ^allles of E and W - T. on sipmied } -»por, thus 
obtaining a series of points; tlie enrve wlmh lies most evenly 
ihrougli tlie points will be found to lie a snaiubt line*. Deduef* 
the law connecting E and F by (akn»g ah\ twf) poii»ls in the 
straight line and substituting tb*‘ \ajii<'< in the e(pmtit»n F - oK 
F C, where a and c are eoiistantN, 

The following e.xample will s»*r\f‘ to tlie above, and 

similar methods may be folhovul in all tin* simph' maelunes : — 



w 

- O'ffwt of fn- Uf'UJ 

i n “» 

10 1 

’ '0 

11 :» 






lA-5 

ir.4 


17 •» 


Ifl 

21*5 

22'0 

; ri 

ISPa 

2P7 

1 2 

27*5 


1 4 
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t^lot the values tahulaterl in columns 1 and 3 as co-ordinates of 
points; thus» when E is 9*5, F is -6. This is shown by point a 
(BTg. 90). When E is 11-5^ P is *7; when E is 27*5, F is 1*4, 



etc, Wlii‘U all tlie j»oiiiTs an* plottetl, by means of a piece of 
black ihn'ud obtain tho hue er, which lies most evenly amongst 
the points. To obtain the law <>/’ flw. Iint\ the equation is F = fiE 
+ r, where cr ami c are constants. To determine the constants, 
we may proceeil as follows* -- 

At the point n, F - *6 and E - 9. 

At another h, F - 1 and E — 18*5 ; hence using these 

values, we ha\ e 

1*0 ^ fi X 18*5 -f c 
*6 ^ rf X 9*0 + c 

• -4 ~ 9*5 a, by subtractloa.' 

/. a » *042. 
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•Substituting this value in the first equation, we obtain 
•6 - 9 X -042 4- r, 
from which c — *2GGS. 

Hence the law required is F — *042 E + 'JGGS. 

It is convenient at tlie outset to eonsitliT Iln' shnph machines 
as frictionless ; the above will show the inctliod adopted when 
friction is taken into account. 

Single Movable Pulley. 

Apparatus. — Fixed pulley from last cxpcnment, also a moMiblo 
pulley to use with it ; scale pans and wcai^hls. 

In this case, a cord or rop<‘ is fastened 
to any convenient point C, and j>asseK round 
a movable pulley E, and over a fi\'<*d pulhw 
A; by means of a hook or a scal(‘ ]»an at the 
end of the rope, as shown in Fig 91, a 
load Fi can be^ap])lied. If 
there were no frictitui, F 
(the ]»ull in the sirintr) 
would be \V ; but (in 
S account of fri( tion, E is 
greater than AW. 

Expkhimfnt 57. -As- 
certain by experiment the 
load roquinal at E to give 
(ns hen .started from rest) W 

a slow uniform motion re* oi 

Tal.ulatP as in last 

Pulley Blocks, ‘»r a nd TiH'Idf, - Elocks 

and Ta(,kl(‘ so (\'dle<l consnl ot two hloeks, A and 
B (Fig 92), each block cnntajnin '4 a number of 
.slieaws oi' pull* n >> in Fur 92 jmlhy bha-ks con* 
tainiinj; three sheaxes are '*lK,\Nn, A rop«‘ passes 
round ea« h piilh x in turn one fuid of tin* ro|HS 
is fastemsi to the u}q>er block, as sluAvn : to the 
other tie* ]>ull E if> applied. 4 he vNi ight A\ 
Fm ftSL han::s jts dioxxn fiom the lowor block. To as- 

PuUey i)iock« certain the relation Intwcfui E and W, a scale 

pan or a hook may be attaclie<l to th<* end of the rope. 

When friction and the \M !irht of the lower blrjck are neglected, 
the pufl in tlie rope is the same througliout and equal to E, and 
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the force acting on the lower block is equal to W, and is as m&ny 
times E as there arc portious of rope ]>roceecUng from the lower 
block. In Fig. 92 there are six portions of rope leaving the lower 
block ; E ,v\V. 

Or by prinripjp of imrlc. If the weight be raised one inch, 
then eacli of the six cords will be shortened one inch, or E must 
fall six inches ; hence the velocity ratio is G, and Ex 6 — W x 1, 

E = JW, More exactly, the %veight of the lower block should 
be add(‘d to AV bt*foro proceeding to iiiid E. 

If there, were no friefion, the veJoaitfj ratio just obtained would 
also be the m^ehanleal (uirmitaije ; but thei’c is friction, and in- 
stead of E being it would have to be r/reater to give a 

slow, steady motion tc» the weight. The diffcTence between W 
and 6E would be the efh'ct of friction for the load W, where W 
includes the. weight of the lower block. 

Tabulatt3 as foll<)ws : -- 


i 

! 

« F 


K W 

ot ot 

nttu-iencj . 

i 

tiM Hon) 




i 

i 



Plot as co-iUHlmates of points oii sijunred paper the values of 
Kami NV, and deduci' the law connecting tliem ; thus, \V ~ rtE + r. 
Also plot tin* \ allies of E and P', or NV and I’, and deduce the 
law F uE -h e. 

The following exainplo will illustrate the method : — 
liiorhs and fork'h‘ ahtavea in eaeh hhn'k. Plot on squared 
paper and obtain the - 


' - a 1 

i:io 

; F ^ 1 

•1 E + GG^J^4 

1 K 

1 

V 

1 1 
r,{Tlr»'nv‘\ 1 

11’ t 

i ttis 

IMC, 

•tif 1 

: vM 


1*V» 

•67 1 


i .v.»s 


I 

\M 


>4 

•r.n 

U4 

tUH> 


! -70 

174 

736 


? *70 
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The Screw. — As already mentioned (p.30), the scr(‘w may be 
looked upon as an inclined plane 'v\ound rouiul a cylinder. 

The mechanical advantage of the screw can bo obtained 
most easily by the pr'inci pie of tvork. 

In the simple screw-jack shown in F'i" 93, the weight to be 
raised is placed on the head If. The s(juare'thr(*aded .screw 
which works in a nut N can be made to advance 
or recede by means of a lever ])assin<:^ through 
either of the two holes shown. A turned pro 
jecting piece on the end of the screw littin^ into 
a corresponding recess in the licad If allows tlio 
screw to rotate, tlio hea<l H rising and falling 
with the screw, but not rotating. 

If I is the length of the lever (or the di^taina' 
from the axis of tln^ screw to the point wIhti* tin' 
force E is applied), tluat in one lotaiion <»f tin* 
lever the force E moves a distance *1! x 3 Mid ; 
the head PI and W ino\es a distance ecpnil to the jof<h . 
have E X 2^ X 311 16 ---- W x pitch, 

• 7 'll- I " here p iHteli 

or E X 2t1 ~ X // , ' • i 1 1 c i 

‘ I ami TT ' o 1 n <» or j 

Tlie same result is obtaiinal in tlie case of ilie screw press shown 
ill Fig. 94. The force \V d(*n(a<‘s the pres>uit‘ »'.\eiied on the 
hook or object in tlu' j)n‘S's. 

Appahatls.— T he upper pait <»f the s»-rew-)aek shown in 
Fig, 93 is replaced by a irroo\t*d pulley (wbieh nifty b< 



Wcri'M jack, 
b(‘UC<‘ W'C 

I 


made of 



wood). One end t)f a cor<l is fastened to the pulley (P'ig. 95), 
the other passes over a small, eioy-runniug pulley p^ which may 
l>e support^ in any convenient manner (*»^*‘'h a-^ on a n'tort stand). 
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Experiment 58. — First o))taiii the velocity I'atio. This* will 
be the ratio of tlie circumference of the pulley to the pitch of 
the screw. (The circumference is easily ascertained by measuring 
the length of tord required to pass once round the pulley.) 

If there were no friction, then one pound at the hook h would 
maintain steady motion while r lbs. were raised at A (where r denotes 
the v(dociiy ratio). (3n account of frictional resistances, the force 
or effort required is greater ; hence find the amount required to 
kcf'p up a st(*a(ly motion ; call this E ; then the difference between 
rE ami tlic load at A, which wo may denote by W, is the friction 
for that lojid. 

U(*p<*at the oxpm’iim'iit, using ilifforent loads at A. 

Tabulate thus : — 


/ E-W 

i: I ! (vfftTt of 

* fnrtion) 


Friction. 

When t^vo surfaci's are in contact, the force parallel to their 
common surface^ which exists between them, and which resists 
the movmneiit of one surface over the other, is called the Jbrce 
of/rii'fion. This forct^ acts in a direction opposite to that in which 
motion tnkrs pho'f'. 

The friction b<>twcen two surfaces depends on the pressure 
producing it, {uul also on the state of the surfaces in contact. It 
is measured experimentally by the force necessary to maintain 
uniform motion of one surface over the other. 

Appahatc’S. — A hoard A B, about or 4 feet in length, 6 
inches wide, ami 1 inch thick, fa.stoned to a table (or supported 
on brackets against a wall) in a horiicontal position. The board 
should planed so as to present a fairly uniform surface At 
one end of the Iniard tixed to the table a small pulley is placed ; 
this .should turn as freely as jmssible. The other end of the board 
is fastened by im*ans of a hitof*- h to a tixed piece A. 

Heveml smaller boards of pine, oak. etc., called “sledges,** 
have tixed to them a small h<.>ok to which a cord is attached. 
Tlie cord passes over the pulley, and terminates in a hook or 
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scale* pan. The pulley should be placed so that the cord is 
parallel to the surface of the board. 



Experiment 59. — Choos<* any sled^^c, and let the wedi'ht on 
it together with its own weight i- \V ; then add wanghts at P 
until the sledge moves uniformly. To do this, th(‘ boaid must 
be rapped or the sledge given a slight imj)idNe. Let F he the 
pull in the cord when tlie sledge imnes uniformly, beginning 
with the weight of the sh'dgc* ; increase the load upon th(‘ sledge 
by weights — that is, 4 lbs., 7 lbs., 1 1 lbs., etc. Fiml in each case 
the value of F, and tabulate : — 


w 

F 



" 

! 

1 



As shown in the third column, tlie ratio of is usually 

denoted by ft, where fi is the nf frirthuK 

Thai friction is proiiorfional to is shown by reference 

to the hiit two columns, giving \alues of W and F. 

Plot the values of W and F as co-onlinates of points on 
squared paper, and it will be found that the curve which lies 
most evenly amongst the points is a straight line. Deduce the 
law F Hh c. 

37*e beitceen tiir^ sur/acea in eonf^ict is hss wh^n ih*>rc 
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ia motion than when they a^'e at rest. Thus in the last eJjperi- 
nient, if the forc(^ at F is gradually increased until the sledge 
starts from rest, the value of F is greater for any value of W 
than that tahulated ; and it will be found that when motion occurs, 
the velocity is not uniform, but increases as the body moves along 
the surface. 

Angle of Friction. 

App4i!VTrs. — Tin? board and sliders used in previous experi- 
ments. 

Expeiumicnt go. —T aking the same slider, and using the same 
values of W as before, raise one end of the board so that the 
surface makes an angle with tli(5 horizontal, and find the angle 
6^ A\hen a motion given to the slider is kept up uniformly; fix 
the boar<l in this position ; drop a plumb-line from the raised 
tMid of the board (this vertie.al lim will, with tHI horizontal surface 
of the table-top and the inclined surface of the plank, make a right- 
angled triangle) ; nieasur*' tlie height h and base h of this triangle 

(Fig. 90). Then -- from vhich y can be found by oal- 

bas(' 

(•Illation ; or a jointed two-ftH*l rule can bo inserted so that two 
edges of tlie rule tit the angle. The angle may be marked on a 
sheet of pajxT, and assuming any convenient length as base, the 
height can he measured, and the value of /4 can be calculated. 

Ib'peat the experiment, using ditFenuit weights, and tabulate 
thus ; — 



Compare the mean value of ft with the mean value of fi obtained 
in tlu» last exjierinicut. 

Expeiument —Frktion de/tends on the nature of thesur/mes 
in mntm Tliis can be verifitxl by using sliders of 
materials wood, cast or wrought iron, or glass may be nied. 

Results obtained c*au l^e compared thus. Wlien the load W 
k the same, the corresponding values of F will dififer from esai 
other. 
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ExpEUIMENT 62. — Fni'tiO)^ /s* tff ot' arm of tat rfar^H 

in contact. This can be shown by usinir two sliders of sann' 
niatcy*ial, the area of oin* beini.^ two or thiM* tiiiKS the nrvn <tf 
the other, and hadin'; fi in each case. It sljould be not(Ml tliat 
the result obtained is only trin‘ within n rlain limits, and is not 
to be taken as correct in all cases. 


Si mm vin . 

Worlc is done by a forc’c wlun tli** o ''Otaucc of a toehaii{;4‘ of ijositu>n, 
or to change of Aliapc or in o\( k nm* . 

Unit of Work is tliv fir(x/urf of rnaf fiftf rf ntut fl mtoio t\ 

Tlie unit force may Im* a i^>4>inida], ikhhk^. titn iind tla* amt distanc* a 
foot, an inch, etc., and the Work doiu in as fo many f«i<a j*«>un<bl», 

jot»t or U9«jh ^undis, etc. 

®BMMPgy i» the cai>acity for doing work, and muv U* J^otrntort or KtnHu'; ui- 
)»tancee are fumiahtd in Ilcat^ m Lltctrinfif, m t'hnmdrii^ and in Lojhl and 

Sll0rg;3r of a moving hotly i.s oto^httlf fio pruilnH of hunf* fof the 
mua re of U s vekKitp, 

of doinp mjrk 

lPrtltCi|do of ^ork. — Work exjU'iidt^d or given t<» a machine h to the 

work done by it, together w'ltii the work m tri<'tiomd lej^iistances. 

tW tett ple MadhtniHl — the/«rtr, puHittf mrhiodf ami jxcrtic, 

lilXKaClSKS, 

L Define a foot-pound and a horse*pr>wer. 

A abeam crane raiia** a weight of 5 t«ini« wriifurtnly through a height of 
110 feet in fTO eoconda ; find at what H.-F. it w working. * 

fL A bo(|y wboee macM t!» 10 lbs. moveo in a «itfaight line, and its velocity 
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is chatigori froni 210 f<^et a second to !K) feet a second ; find the ntimericarvalue of 
the chatige of its kinetic; eneigy. State what units are used in your answer. 

If tlio change is produ<;(*d by a force equal to 3 lbs. weight [g 32), 
through what distance does the particle move while its kinetic energy is 
undergoing th< change" ? 

3. Aniacliine is contrived by means of which a weight of 3 tons by falling 
3 feet is ablo to lift a weight of lOS lbs. to a height of 100 feet ; find the W'ork 
done by th<* falling lK)dv, and what part of the work is used up in overcoimng 
the frictuiii of the maohnie 

4. B is a jjoint oO feet aWive A ; a body 'whose mass is 10 lbs. is thrown 
vertically upward ftom .V ; leckoiiing in foot-ixiundals, find its gain of jxitential 
energy on rejudiing B. 

if at A its knietic eui'vgv vverc '14,720 foot-ixnmdals, find its kinetic energy 
at B, and hence its velocity at B. 

5. A IwHly whoso mass is 15 lbs. is moving at the rate of 40 feet a second ; 
how many fo.»t-poundals of wuik can it do against a resistance, in 'virtue of its 
mass and velociU ? 

Iltdine a foot jioundal of work. 

0. Write down a fornmla for the work which can be done by a particle in 
virtue of its mass and velocity. In tlii.s fotniula w'hat units must )je ustxl to 
obtain the w<»rk m fo<it'poun<la1s’ ' 

A liodv who'll' mass is 10 lb-,, moves fiom rest along a straight line under 
the action of a force of 8u iioundab ; find iti \clocity uhen it has described 
:rt)feet, ^ ^ 

7 VV'nte down the formula for the kin<*tic energy of a particle of given 
masn ino\ing wjtli a gi\i*n \elot il\. 

If thi' mas*-, of a ]>artu‘h‘ is 1'S ounces, and it is moving at the rate of 
1,5 Cki fcft ,i minute. Imw niniiv hwUqmuiKlals of work can it do against a 
resistance ui virtue of its ma-is amt velocity? 

8. Uefine a unit of work and a fiK>t-]Nmnd. 

A HteamoMigme raises 250 galloiw of w.it»‘r per miiiiito from a depth of 
8M0 feet ; at what horse -powei does it woik? (A5/>.~ A gallon of water weighs 
10 lbs. 1 

0. A IkhIv whose ina-s is 18 lbs. has a kuictic encrgj’of 49 foot-poundals ; 
find its velfwitv. 

If the IhhIv weiTi moving agaiii'-t a rcMstancc of a third of a poundal, how 
far would It move Ixdore coin mg t<» lest ? 

10. Uetiue a unit of vvsirk and a unit of |K>wer ; give .an example of each. 

A man do<’s l,027,2lK) f*M>t-|H>uiub of work in S liours ; what is his ix>wcr, 
the unitvS bmng hfitqxmnd-v and minute-.? 

lb Ik'fim* iKiiv^jqKiwt r, and expiess 1 horse power m foot-|K>undal8 I>er 
se<H»ud, ^ 

What horse-p>\ver i-. lequinsl to dr.vvv a w’eight of 1 smooth plane, 

inclined at .‘»o ♦ at the rat<‘ of 2o bs-t iiei minute*^ 

Express ] hoiveqxiw'er in t rgs {hu s^xsiiid. ' 

12. The Ixi-e id tt cylinder has a <hauietei of 3 fi'et, ted.ita hfliight is 4 feet ; 
the cvlunler i*- of uniform den-itv, and weighs 2.5 cwt. fliid Jlow' many foot- 
|K)Unds of woik mu’-.t lx* done in throwing it o\»‘r. 

1.3, A bsiv weighing UK) Uv*. is ol*«it"rvtsl to lie moving at the rate of 
20 feet a s«*coud ; avsuniing that it In^gaii tk> move from a state of rest, awl 
that Its motion wivs nniwshsl liy no iesi>tam^‘. laov many imit>f of Wi»rk mii^t 
liave U'cn done on it by- the fore*' that gave it the velocity? l«ivc the atlSWet 
(<i) in hx»t-|M>imdaU ; in f<»»t*|Hniiids, assuming y — 32, 

14. A numlxT of men can each ilo, on the average*, 4fi5,000 foot-pounds of 
work |»t'r day of 8 hourss ; how many of aneh men are reciuired to do th« work 
at thr rattMif UUionveqswvr? 

15. A tm! T'5 feet long can move freely in a plane round cme end; it ki 
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actf^d on at rigrht angles to its k-iigtli by a forco of ll)w. ; find the n\nnl«‘r of 
f<Kjfc*pound« of work done by the force in one turn. How inaiiv turns must 
it make a minute if the force works with 1 horse-] Knver^ 

Itj. What is the horse-]K)wer of the engine which draws ti train with a 
uniform rate of 43 miles an hour, against a le^istanec of 1HK> lbs. 

17. A Ixxiy whose mass is 3 lbs. falls fit^ely tliiough 10 h'ot ; what kinetic 
eneigj* (in foot-pound.als) (Icm's it acciinie? 

If, instead of falling freely, it were fastened by a line threail to a mass 
of 3 Ills.,, and the thread were ]»laced on a smooth point so that tlie ma.^-s (,f 
6 lbs, has to draw the mass of 3 lUs. n]». find the kinetic «nt>ig> accjuiied 
by the mass of 5 llw. in falling 20 feet {ft - 321. 

18, A particle moving from rt'st is le tetl on through 2r>0 feet by n, force 
crfOpoiindals; find its kinetic eiieigy, and its ni.i-s U*nig 3 lbs.,* find its 
velocity. 

10. AB is a rod, 20 feet long, tliat can tnin fu'clx round the end A; at 
B a force of 35 lbs. is ajddn'd at light angh ^ to AL: the lod is allowed to 
tuni six times ; how many ftH>t-|»oinids of woik aie doia 1>\ the ton e '' 

20. A body whose mass is 20 Hk ino\<N m a r.tiaiglir lino .igainst a r<»n* 
stant resistance R; at a certain ]>onit it i'. nio\,ng .it the late of 18 feet a 
second ; after moving over 5o feet it'. \« locitv i" Mthued 10 fe( t a "ec ond ; what 
part of Its kinetic energy has it lust*'* What is the numeiK^al \aJiie of R m 
jxmndals ? 

21. If the mass of a IhkIv is 1*) Ihs , and O'. vejocitN 12 feet a s< cond, how 
many ftKjt-ixnnidals of work can it <lo apayist .i i<'sivt,tnce, m virtue of its mass 
and its vekKity? 

22. A Inidy whose mass i- (J IIk. is moving at the i.iit' of ,k f, a second ; 
how many fiKit-iHnindals uf woik can it do .tLMiiist a le-i^taiac*, in Mitu** c»f 
Its mass and its vcdocity? 

If it did 117 focjt-iHiiiiuials of work ag.oii't a je'-istaius*, what would then 
be it« velocity? 

23. If a man can woik at the late of 2iu.«>t>0 foot }toini<i'. an hour, laav 
long would it take him to laise .i \v< ighr oi lu tons thiough l."»0 to t, hUI^}H»^lng 
him to be [provided with a suital>Ie m.u hine ' 

24. Given the equation <»f v\<*ilv .ui<l < lu'igv for a jwitule- lutnaly, 

2 »ir- - :|7» V*' ~ Pi«~ ‘-tat** the uioatiiug of » *nh f« rt* r m fie < «|U.it)oTt 

A IxKly whose mass pj jhs has vehnitv (h.uiyMi iioni .3 feet a 
second to 11 feet a Msoud: whjt mimPM of lut-i ponudais of wt»i!k ha*. }>c<n 
done by the foice to which the thaiig<* j' du« 

iSi. A Ixxiy whose mass is lo Tos i-. tarru-d u[» to the ti>p of a h»>uw 
^ f<^t high ; by how many hsU-iHMindjils )i.a.- <; ) aug** hi |rt-itioii inciMciscd 

tts jwtential energv ? If it is liilowed to f.ill, wi.at uumUr of f<«>t jMamd.dH 
of kinetic energy will it havt wlien it icso )•* ^ ti.< gi.»*.»id ' o/ . 2 } 

If the ftiasH of a lunh i» 24 lbs,, ami jt- kne tic « le igv !> 73 fo**! jumndiib, 
what m itx vekx if \ ? 

26. A IkkIv whcHe nm«s is In !!»« j-. i iji.ibh* of doing <K».3 fintt |Xiundals 
of tvork ; what the velocity in fwt |»‘r s< cond ‘ 
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PENDULUM AND ATTWOODS MACHINE. 


Pendulum. 

A simfik prmhihnn consists of u licavy particle suspended from 


a point hy 
rculizcd 


wcij^ditlt'ss thread. {Such an ideal form cannot 
by any physical apparatus, but is obtained with 




.itt 






.sulliciefit accuracy for all practical pur- 
poses by using a fine thread fastened 
at one end to a suitable support, 'and 
carr\ ing at its free end a small lead ball, 
'riie length of the pendulutn I is the dis- 
tance from the point of suspeusioii to the 
centn' of gravity of the ball 

Let A F (Fig. 97) n'present such a 
]»endulum. WIk'Ii ])idled on one side of 
its mean position and h't go, it will con- 
tinue to swing to and fro through some 
sucli arc as nhc. This arc, owing to the 
etc., will gradually get less and less, until 


Fto. - Pendulum, 
reslsttince of the air, 

finally the ])eMdulum come.s t<» rest again at F. 

L't t denote the time of a vibration from a c; at a place 
where the acceleration y due to gravity ~ 32 -ti ft per sec, }>er see. 

The period is the time talct n for a complete TibraUon from o 
to e and imek again to <i, and is twice the alx>ve, or 2^^ ^ . 

V 9 

The amplitude of the vibration is the extreme distance, or 
on each side of^the mean position. When tlie titmiditude is small 
(not exceeding an angib of about 20*), the vibrations take place iti 
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nearly equal times, and are said to be isochronous ; in other words, 
for a small vibration the time is independent of the amplitude. 

The pendulum furnishes a good illustration of the exchange of 
foiential for kinetic energy. Wlien drawn to one sid(‘ of its inc*an 
position, the potential energy is equal to the product of the wcnght 
of Ihe ball P and its vertical height pc (Fig. 97). AVhen released, 
this potential energy is gradually exchang('d foi* kinetic (‘iiergy, 
until at the lowest point, P, 'nearly all the potential energy is con- 
verted into kinetic energy ; in other words, the velocity which is 
zero at the highest point increases gradually, and is greatest as it 
passes the lowest point, P. The \eIocity becomes less and l(‘.s.s 
until it comes to re.st at a height m^arly tin* sfim(‘ as before, the 
slight loss referred to being due to frictional resistances; Inuice, 
when used in a clock, to maintain the are of swing the nuvhanism 
is so arranged that a slight impijlse is given to tlH‘ jienduluin at 
each swing or vibration of the penduliun. 

A Compound Pendulum consists of a body of any sbajie sup- 
ported on a horizontal axis and frca‘ to swinir about that axis ; tlu» 
foot of a perpendicular h‘t fail from tlie i-entn* of gravity of the 
body to the axis of suspension is the centre of suspension. If the 
perpendicular be produccnl backwards to a point whose distance 
from the centre of suspension is (Mpial to tin' length of a siinph* 
pendulum which oscillates in tin* .same lime as the compound 
pendulum, the ])oint so obtained is called tin* centre of oscillation, 
the time of swing (which may be o]>tuined experimentally by 
obtaining the mean of a largi* number of vibrations) being the 
same when su.spended from either centre. 

Appakatcs. — L ea<l ball : .string. 

Experiment C.T - Make a }H*ndulum of any convenit nt ler^gth ; 
pull it to one side until tlie amjditude jh about If) or 20 \ and let 
it swing; obseiwe the number of oscillations made j>er minute. 
Make the amplitude very small, ami repeat the exjKU’iinent, It 
will be found that the number of vibrati<^m.s tin* Mime us lK*ft>re. 

To prove by ex|>eriinent that the time of oscillation is Inde* 
pendmit of tke mass and also of tin* material of the pendulum. 

Experiment C4. — Hang two pendulums (large and small lead 
balls respectively) .side by side ; adjust the b*ngihs until the two 
pendulums oscillate in the Mime time ; when this rarurs, the lengths 
will be foimd to be equal. Hence ih*- time w af the 

A similar result is obtaine<l when one of the balls is lead 
and the other wootl. Thus the ilnie oi inde}m\df'iit^cif the m4x^erujL 

To find the law coutuHing the len^b ^ a pendulum %icith iU 
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time of oscillation, suspend the pendulum as before ; measure as 
accurately os possible the distance from the point of support to the 
top of the ball* anfl add to this the radius of the ball to obtain the 
length of the penduium. 

Apparatus. — Lead ball and fine thread. 

Expkuimext 65. — Make a pendulum about 200 cm. long; Ob- 
serve and record the time of a large number of oscillations, sj^y 50. 

Repeat th(5 experiment, but witii a ])endulum a quarter the 
length of thfj preceding one. It will be found that it vibrates 
twice as (juickly. Observe and record a considerable number of 
vibrations. 

Again alter the leiigtli of the pendulum, and proceed as before. 
Tabulate thus : — 


Lwtijfth. 

Tirnf* of 

50 Vibrations. 

«, or Tune of 

1 \ ibi alion 

f-. 

1 


i ' 

L. 


*• 


You will find that the numbers in tlie last column are either 
etpiai or lu'arly so. 

Now or ^ - could not nuimin the same unless the uu- 


merator and the denominator changed togetlier, and in the same 
proportion. 

I ( dice the time of oscillation of a pendulum is proportional 
to the square root of the length of the pendulum. 

If the ivsults obtainetl are plotted on a sheet of squared paper, 
taking the lengths of tht* pendulums as horizoEltal distances or 
alvscissa, and value of t (or time of one oscillaHOn) as vertical 
distanct's or onlinates. a serie.s of points is obtained through 
which, if a curve (which lies evenly among the points) be dmwn> 
the length of a pendulum which will vibrate in any given time — 
say 1 second — can be found. From tht3 preceding expenmenb 
knowing t and and having obsc^rved f, the time (in seconds) of 


a swing, the formula t » 



can be verified 
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iln approximate value of tj at the place of observation may be 
obtained by measuring as accurately as possible tlie length, and 
the time, for any pendulum. It is advisable, to ensure accuracy, 
that the times of a large number of oscillations bo taken. 


, Example. — A lead l)all inches diameter, lengrtli of stnne: from i>oint of 
suspension to centre of ball 83 inches, set was found to make2(Mi 

vibratipns in 5 minutes. Uiiul tlu‘ \alue of tj ut the plaet* of f>bM*r\ation. 


Since 5 minutes — 300 ^ec('nds, 


200 _ 103 
300 “ ir>o’ 


(The accurate \jilue of // 


and know 


S3 






If in the formula / 




niak«' 


length of pendulum >vhich \m11 make a siniile 
vibration per second, is found to be ,39 2 inclu's 
— tfie same result as obtained from tlie curve 
plotted in Experiment Cl Hence tin* bmgtli 
of a pendulum to vibrate in half-secomls would 
bo a quarter the above, or 9*8 in(lu*< If we 

take g = 980 cm. sec.-, th<*n , 99'3 cm. 


Hence at a place w here // - 980 the p* rmd 
'^'ould be 2 seconds, and each vibration would 
be 1 second, the length of the pendulum beiim 

99*3 cm. 

Attwood's ICachine. 


In order to measure the a(‘ceIeratiou (»f 
a falling body, it is neces.'-arv to reilue#* tlie 
s|)eed at which it moves Thi^ is ejected 
in AUwood'st maehin** hy increasing the inash 
moved without increasing the force of gravity. 
Any eaay-running pulley w ith unequal w eights 
such as in Fig. 98. may Manv ftu ins 

of the machine are to Ik* obtained at u small 
cost, or can be* easily const rue HhL ami of 
sttiBcient fu^curacy to verify useful formuh#*. 

Hie Att\voo«rs machine in its 


f 1, then 7. the 
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form consists of a small grooved pulley, which is made to rotate 
as freely as possible. Two masses, P and Q, are attached to the 
ends of a lim>* string which passes over a fixed pulley, A. In 
addition to P and Q, small masses or weights, one of which is 
shown at r (Fig. 94), and which can be placed on the mass P, are 
provided ; these are called riders. It will be seen that as the 
masses P and Q arc equal and balance each other, the nyoving 
force is the w^eight of the rirh^r /*. and equal to rg if r is the iivass. 
In this inaniuT the acceleration due to gravity may be as small as 
required. 

The fix(‘d pulley A is carried by a pillar, as shown in Fig. 94, 
whicli is usually of wood, about 7 or 8 f(‘et in height, having a 
scale graduate<l into ineh(j.s or cenlinnures,' so that the distance 
moved by the mass(*s can be accurately estimated. 

A small platform, P, and a .ring through which P can pass 
easily, are provided ; these can be clamped at any convenient 
position along the pillar. 

In the more elaborate machine the pulley at A is made to turn 
on fnction-whe(‘ls — that is, the axle rests on th(‘ circumferences of 
four light whet'is, two on each side, and a seconds pendulum ‘niay 
also be attached to tin* back of the pillar. 

The small rider r cannot pass through the ring C. When the 
])latfonn at E, currung 1’ atul /% is removed, motion begins. The 
rider r is left on tin? ring C as P passes through it. The weight P 
now moves over tlie tlistanco C B with constant velocity. The time 
taken to move from E to C' and from t’ to B is carefully noted; 
the acceleration from E to 0 is found from the formula 


Moving force — mass mo\ei 
, • . f or acceleration 


X acc(‘leration, 
moving force 
mass moved 

•JF tv * 


From this the accelei-ation,./', can be found, and the value of g 
can bt* estimated. 

As/ and t are both known, the distance EC is obtained from 
the formula 8 ^ Tin* distanc** can be measured and a 

verification of the formula obtained. 

The ring 0 is clanipetl to tlie pillar in such a position that the 
under .side of the cylindrical weight P is coincident with a divfeion 
on the scale when the rider r is in contact with the ring.. 

As the rider t is* left on the ring at 0, the two are 
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moving at a uniform speed. Hence if f, the time taken from 
B to C, be determined (since r — where e is tlie uniform spe<»d 
of P), then S = vt. The distance 1> C or S being measured, the 
formula may be verified as before. 

The friction of the pulley^; can be allowed for by attaching a 
small weight to P of such an amount that when a slight im})ulse 
is given to P the system continues to lno^'(‘ at a uniform speed. 

To show that th*' acceln'dfum nj tt ylvui nutss Is jnuqutrfiutinl fo 
the force actm^ on it. 

Example.— 'T il an e\]H‘rimout tho <*f I' au<l <> t ijuah and <'iah 

3,087 grains. When r><» grams ere a<UlMi to P, and a flight iinjnilse gin n tn 
P, the weights Meie found to ino\e at a nnifoim rat*-, tlm^ elinnuiiting tli<’ 
effect of the friction of the imllet. With a rider j»lae«d on P, ueigliing l.VJ 
^ains the total mass ino\ ed w oulil be L* ;’.o87 5(; - ir^J- <>;{N> the inoMiig 

force l.VJ grains. 

ir»<» 

Let/denote the acceleration ; then*/ 

Hence, using the formula S - ft\ the space (h^i'nlu'd in 2 seeoiab from 

rcht ^ X 9*4 X 4 ~ IS S. 

Thus if the ring C at a di^t^uas* o> Is S mehen lrt>m K, tlie lah i ^\)l} 1 m* 
left oil it at the end of ‘isc-ponds. aPo PmiU goon fnnii lie* ring (' uith a uni 
form , velocity (of IS'Sl acu'noil m 2 ."e^.und'', and tie* di^t-oa e chx 1 1 1 . fd m 
the next 2 seconds w ill ]»e 2 l-S S - 37 <‘in(las; .ii if fla- di^taiee h »m the 
ring C to the platform B is 37*0 niche*., tlan Pa ill r»,uh it at tire t nd uf I 
seconds. The distance foan K . » j» -37 0 IS s 66 4. 

lu a similar manner It va^ hn.nd thri if a ndr r \\i ighing 2 10 giam** vei,* 
Used, the distances of (- and P» tiom P \s.mld In 2''*t> ni< and S'r^'lnalK** 
respectively. 

In the above exjieriment'-, to eiiMu** aKunat. th* nia’‘S i»f the pulle\ was 
estimated and allowed for ; Put tlr*- ealculaluai eaiiiiot l»* gi\» n lai‘*, a** it m 
volves the conisideration i>f niona nt of im itia. 


Si MM \ut. 


The time of a vibration t 


_ /7 

" \' n 

Period is the tune tak* n f<rr a eomph te Mhration. <*i "Jt . 

.iU&plitnde, extrrnne dintanee »»n ea<h '5<l» of lu* an i«r>Hiti<»n Wh* n amjrli 
tudeis small, \ibrations are *i'"/'7/rwo#/v. 

Time of swing rs inde|M>n«h nt of and nia'^“ria), but i* pio|*orUonal to 

length. 

Atitvoodl*0 machine, t or mc* ler.amn uiovmt fon» 

mass itio%e.{ 


EvKin i-f**. 

I, For a gix'en centn^ ftf sn'-iHmsiim of a roni{M»und is^'iidulum what is 
meant hy the j^rase “cs'iitre of O'^cdlatiou 

How can it be shown ex|»* nmentaih that the*a* arr* eonv# rf ihh' ? 

Oalcnillte tbt* length of the ja-ndnlunu 

(if.B.— IT ^ 3 I4PVJ: o " :?219I2.) 



no 


PENDUU'M AN*I> .VmVOOD’s MACHINE. 


2. a siiup]<- ;i (^oiuiMmiul j)endulmn, and the centre ot 

tnscillatjon of a c<>m}M)und ]H*ndulum. 

If a iKidy Hn-i)end(‘d f»ii a horizontal axis makes 05 small oscillations a minute, 
what n the di-,tanee fiuin its ceiitu* of Mi''j)euMon to its c( 'litre of oscillation ? 
(V 02, TT Oi.) 

0. In thf* case of a simple i){.*ndiiliiiii, the time of a small oscillation is 

giv<*n hy the formula -tt* / ^ ; what is meant by an oscillation? what by a 
J „ 

small oscillation Wlint do the letters tt, /, and n in the foimula, stand for? 

A pi'udnlum S feet lon^jf make^ lK*aU a miiiuti' ; what is the acceleration 
due to gravity at the plac<* of <ihser\ation‘' 

4. if a eomiMmud pendulum makes 25 oscillation's in a minute, what is 

the distance from the i enlu' of su.siH*nsiou to the centre of oscillation ? {{/ 32 ; 

TT » 01410 .) 

5. Find how niaiiv heats a |><*inlnlnm 40 incheH long would make in 24 
hours at a plan* wlien* the aeeeleratiun due to gr.i\itv is 02 in fe^^t and seconds. 

{XJL \ IH) ~ 7*745007 ) 

0. Wltat Is a seeuiuls pendnhim*'' If we could ha\e a simple iKmdulnm in 
a plaw where !/ r. :ui m feet au<l secoiaK what would be the length of a seamds 
lauidulum? (tt- ) 

7 Two particli's, whose masses are P and Q, are connected by a fine 
thread. Q is placeil on a horizontal t^hle, and P hang> over the edge; there is 
no friction. If P im allownl to fall, fiml the acceleration. 

If I’ i.s 1 11)., and Is 7 Ihs., tind how long it would take P to fall through 
the first 0 feet of its <lescent. 

8, Tw'o particles, w hose masses are P and Q, are connected by a* fim* 
thread which passesover a '-mouth pulle\ (as m Attu ood s mat'hine), wo that when 
P de'.eends it vlraws up Tlu* ImkIh"' are allowed to movt' fmm a staU* of rest, 
and It IS found tliat P hilK thionuh It feet in tlie hist 3 half-seconds of its 
motion. Find tlie r.itio of the mass of P to that ot i}. 



CllAPTHll IX. 

SOUND. 

Sound Waves. 

Appauati’S. — A wooflni alKUit \ or 5 loii^ l>y 0 

inches deep; a small block of*\\o(M{. imlia-rubl)(‘r tubt', }*inch 
bore and about 12 feet loii;;, tilled with sand ; some be(»,s\\ax and 
iron-filings. ^ 

Experiment 60.— Fast<*ii om* end of the iuIm* to the ceiling. 
Holding the tube rather laut, give the end a slight shake; the 
motion travels up tlie tube to tlie eeibnir. No permanent change 
ha.s taken place in the state of the nd»e , tlio sliakt* given to the 
tube caused a motion to run along it whielt is calh'^l a //v/re inofUm^ 
or shortly a wave. 

Experiment (>7."--Jlalf lill the long r4< (angular trougli with 
water. Place small payee's of <‘ork on the siirfaee of the vvat*T, 
Alternately deprevss and elevate a liloek of wcmkI j»laeed at one 
end ; by this means tin* surface of tlie water i^ thrown into waves. 
It will be seen tliat although the waves tiavol /hreo/v/ und 
tmre?, the pieces of cork .dimply ino\(* up and flown, and tliesi^ 
indicate the real motion f>f tin* v\ai<'r that th»* parti(‘h‘s of 
W’ator are simply moving ii}» ami down alilmugli a wavf is travel- 
ling along the surbice. In a ’similar mannoi, in the l^^^t cxjien- 
ment the jmrticles of .'-and aial tubf siuiplv moved backwards 
and forwards as tiie wave s< t up ti.iv. lhd along the tubr. 

If instead of ]iieees of (»>rk .-ni.tli balls made of b(*f*swax (and 
loaded with iron-filings until Uiev jiist th»ati an* uscfl, the>e when 
placed at various depths, and wav*-^ set up as Ix fm’e. will U» found 
to move in closed curve'-. A.s the direction of molion of these 
vibrating particles is |>er[K^n<Hcu}ar to the direction of the motion 
of the wave, they are calletl tnmsverse vibrations, When the 
direction of motion of the vibrating particles is in the direction of 
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the wave motion, the vibrations are said to be longitudinal vibra- 
tions ; as, for example, in the case of a sound wave in air, the wave 
is propagated as a series of condensations and rarefactions. As 
any particle of air vibrates to and fro in the direction of propaga- 
tion of the wave, it is called a fo^ujitudimil vibration. The sound 
given out by a stretched wire or string, due to its vibrations wht'n 
pulled on one side and let go (or bowed as in a violin striug), is 
due to the tranHno'He vibration of th(i wire or string. 

ApPAiiATrs. —One oi* two rods of mahogany, 5 or 6 ft. long, 
J-iiich diameter ; also a glass iuha about 1-ineh bore, steel wire 
about 2 mm. diameter, V Hhaj)od blocks of \vood. 

ExrF:Hi.MK\T G(S. — Olamp a wooden rod at its middle, and 
stroke one end with a rcsined cloth ; the rod will be found to 
vibrate longitudinally, and tlie sound or note given out is due to 
longitudinal vibrations. 

Kxpkhimknt go. -'I'horouglily clean and dry the glass tube, 
incline it, and put in the tube a sutHcuuit amount of lycopodium 
powder to form a thin coverimi' along its internal surface. Fix 
at one end of the tube a w<‘lMitting cork. The glass tube is 
supported in V-shapc'd pi<‘e<‘s of \v(hk 1. The rod used in the ‘last 
exp(u*iiuent is firmly clamped in a V-shaped piece of wood at the 
middle of rod, tin' clump being fastened firmly to the table ou 
which the ajiparatus n'sts. One end of tht‘ rod, provided with a 
cardboard disc of such a si'/.<‘ as to slip easily into the glass tube, is 
made to ent^T tin* other end of the lube, and the su[)}X)rts are 
carefully arranged so that the axes of tin' rod and the tube are iu 
the same straight line. 

S<*t tin* rod vibrating by rubbing om* end with a damp or 
resined cloth. Shift the tube, and repeat the <*xiK'riraent until the 
lycopodium is gathered into In'aps at various j4oiuts along the 
tube. The eolumu of air enclosed in the tube is caused to vibrate 
by the to-aud fro movenn*nts of the vibrating rod, and the places 
in llu' tube where the lycopodium is gathered into heaps are the 
hx^ps of the vibrations set up iu the enclosed air. Measure the 
distance between as many loop.s as pos.sible, and dividing by the 
number of loc^p^s, obtain as accurately as you can the distance 
l)etw€'cu two loivps; the length so obtaimsl is half the wave length 
in air of the not<* given by the rod. If any difficulty is experi- 
enced in keeping the rod and tuU; in position duruig the rubbings 
the rod may l>e cIhiihuhI at two points, each a quarter the length 
of the rod from each end (instead ol at tin* centre), and. the rob- 
bing can tiien Uike place in the middle of the rotl 
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Wave of Compression. 

Experiment 70, — Coil a Ion." stef*] win' of about 2 mm. <lia- 
ineter into a helix, the diameter of the eoiis about 7 iin, or 1 
inolies, and the lengtli about 2 metnvs or (> feet, tlu' coil.s Ix'ing 
about 8 min. or inch apart 8usp(‘iul tlie coil from two 
paraUel wooden rods in such a manner that the wliole helix is 
liorizontal and parallel to the rods, (hither a few* coils at one ('iid, 
pressing them inward, tlu'n suddenly rel(‘ase tlu'm. On account 
of the elasticity of tlie material, they will i^o back to tlieir original 
position, and also beyond it. To ilo tins a /rarf <*/ i-sum is 

sent along the helix, each coil eoinpn'ssing its neighbour; so that 
although each coil onh^ moves a short distaiu'e along the tube, the 
wave travels along the wlioh' lenetli If the outer ring of the 
helix lie pulled outwards and then let go with a p’rk, a wave* 
of rarefaction is produced, and tbt* inotum of any sepandi* coil can 
be examined by attaching strips of paper or bits (jf twim' to them. 

Apparatus. — Spring balance .,oue or two small w-eichts . about 
a dozen marbles ; board, with a gioo\e on its upptT surfact'; also 
apparatus used iii Expi'nimuit 00. 

‘Experiment 71. -* If a small w<‘iebt i^ fastened to t]<e end of 
a spiral spring, then pulled <iowii a r-hoii •li''taji<‘e and b t eo, the 
spring W'lli not only go back to original ]>ositic»n. but will go 
beyond it; it will thc-n be^in Tt> leturn, and so will bo sliortened 
and lengthened many tnnos Ijehu-e it j', la’ouirht to 

Experiment 72. - If a do/<'U or more maible.s bo arrangecl in a 
groove (Fig. 94) .and be lot with t»m ball, ibe ball .at the (#lheren<l 
will be forced aw ay. if the row bo sn in k lo two or thri'e bulls, 
a corresponding number will l/o foiced awa.\. 

Expekimen r, 73.— If one of iho marblo.s ni tlu' la^f experiment 
l>e dropped on to a smooth slab <»f maiblooi non w lot b is siiHiarod 
with a thin coating of red oehie or lamp biaok, a ciiculur smear 
or patch will W found on it. If tho marblo Joel simpl\ been laid 
on the slab, a tiny sptnk sht»wmg point ot e4)niaot would l>e 
oliserved. It i.s evident fium tln-v < \p«‘rnijent that tlie surface of 
the marble was com pr<*''sed, ami juvt at the instant when brought 
to rest by the slab, the area of the large smear wa^ the area in 
contact w ith the slab. 


Wave of Earefaction. 

ExpfBtMEXT 74. — Fasten the end of the tuW {is in Experiment 
near tlie top fasten a piece of fiaper. By quickly pulling 
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the tree end a wave of rarefaction is sent up the tube ; the piece 
of paper will be seen to move a short distance in the direction of 
the puli, and then to return — that is, as the tube is elastic, each 
small pierce of the tube exerts a pull on the piece next to it, and 
in this manner each small piece moves a short distance along the 
tube and back again, thus causing what is called a zaave of rare- 
factum. 

FreQUency is the term used to denote the number of vibrations 
per second. Tin*, time between any two successive passages of the 
vibrating particle through any point in the same direction is the 

period. 

Amplitude. When a wav<‘ of compression travels through a 
body, each particle of the lauly moves a short distance in a forward 
direction and tlum n^turns to its position of rest ; so that if a wave 
of comprCvSHion travels through air, each particle is made to move 
forwards a short distance and tluhi return to its j)osition of rest. 
In a similar maunor a tvare t f ra refaction will cause each particle 
to move a little distance backwards and then come back to its 
position of rest. Thus, wlieu a sound wave travels through air, a 
particle of air will inov(‘ alternati'ly forwards and backwards from 
its mean position. As will be seen in Experiment 76, when the 
spring is pulh^l away from the vertical aiul let go, the air in front 
is t‘ompress(Hl ; but as the air is elastic, tlie result corresponds to 
the comj>rf^ssion of a f<*w c<*ils of tin* sj>ring in Exj)eriment 70; 
as the spring r<*turns, the air in front expands (or is rarefied), and 
tht3 stat<» of things is analogous to that of Experiment 70. If the 
rod is vibrating backwards and forwards at a uniform rate, the 
compressions and rarffotinns \Nill follow eacli other rcyidarly. A 
succession of eomprtssioms and rarefactions constitutes a sound 
wave ; such a wave striking u[»on the ear gives rise in the brain 
to the sensation called souml, and requires air to carr^' it The 
transmission of sound by the air particles is shown by the experi- 
ment of suspending a bell or small filarm-clock on the plate of an 
air-pump, and covering with a bt*Il-shapf*d receiver. The sound 
of the alarm, distinct at bt'conies fainter and fainter as the 
exhaustion ]>rocceds and the air l»ecomes more and more rarefied. 
With a gootl pump the sound finally ceases, but again becomes 
distinct as air is admitted. The following simple experiment 
may be used for the same purpose. 

AppAii.iTrs. — Glass fliisk with tightly-fitting cork ; small toy 
bell fastened to cork and suspendesd within the flask ; a shot^ 
l^iece of gloss tubing fixtxl in cork to allow escape of steam, the 



SOI^XD. 


121 


opeii end of which may be closed V>y a piece of rubber tubing ; 
Bunsen burner. 

Experiment 75. — Boil the water to expel the air. After boil- 
ing, the flask should be closed and cooled. Not(‘ that when the 
bell is agitated, the sound, distinct when air was prt‘sent, becomes 
inaudible when the air is expelled, but again becomes distinct 
w^hen air is admitted. 

I^he extreme distance througli Avliicb a particle* nio\cs on each 
side of its mean position is called the of ihv vlhrvtkm^ 

and thus corresponds to the case of tin* .simple ])endulum. 

The wave length is the distance wliidi the (‘n(*rgy travels 
in a medium while the body which starts it makes om* com- 
plete vibration, or is the distance from any particle to the next 
one w'hich is in the same plia.st* — that is, the di.s(ance from any 
particle to the next particle wliich is moving in exactly the same 
manner. The velovitif tcith 'irhich tin- icans ir((rt4 Jonvnrd iUciihd 
by the frequency giveti the ivavc length. 

If V denote the \(*locity gf the wave, ?/ tin /rt^q'ijnnry or 

uumhtT of vibrations iier second, tlien tntvc length \ a formula 

which is true for all kinds of waves. 

Vibrations of a Thin Lath. 

Apparatu.s. — Thin lath, or Icmirth of clock spring, vic<*. 

Expeuiment 7C. Fix a long thin 
spring ill a vice (Fig. 90) Wh<*u jiulletl 
on one side of its mean jfositmn and sud 
deniy let go, it will Mbrate as .show n by 
the dotted line.s. By means uf a stop 
w^atch or other convenient iiietlio<i <.f 
measuring time, determine the tmu- of a 
^ibration. Owing to frictional resistance, 
the amplitudes of the Mbraiionh will 
gradually get less and h'.s, but it will 
be found that the time taken for cfich 
vibration will l>e the same. Hence the 
tiiae Is independent of the amplitude of 
the motion. 

Alter the length and repeat the ex- 
periment ; it will he found that the time 
^ a vil^tion vari^ as the square root 
oCthO length. 
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As ill tho simple' ptMiduluui, it will bo found that the numbers 
in tho last column are approximately equal. 

A more satisfactory method to sliow that the time is inde- 


pendent of amplitude would be to arrange a cylinder or a plate 

>. moving at a um/onn 

^ , ‘ i<peed, and to allow 

" ”7a w ^ “ small style project- 

ing from the vibrat- 

ing spring to touch 


Fki. KMi 


it. The curved iine 


ah (Fig. 100) repr(‘S(Mits a [>ortion of a wave line such as would 
be formtxl by a vibrating wire or string. Tht^ dotted line AC is the 
axis of tlie waves, tin* arrow .show ing the direction in w’hich they 
are tnivelling ; tf e is tlm h*ngth <»f a wavi*, the length ac being 
half a wave length — that is, tin*, hmgth moved by the wave while 
the jxvrtiele travels from // to a corresponding position below the 
line and hack again to A'. 

The amp/ifu(h' is the. extreme distance moved by the particle 
on ixicli hide of its mean position, and is represented by the dis- 
tances hb' or ddy etc. 

Tiu' displacement, velocity, or acceleration of any particle at 
any instant can be I'asily set cnit in a diagram, as .shown in Fig. 97. 

Thus, when any particle is at maximum displacement in posi- 
tive direction, as shown by curve II.. its velocity at the same 
instant is zero, and its ucceU‘ration is a maximum in negative 
<iirtH:tiou. When displacement is zero, us at /* velocity is a maxi- 
mum, as sliow'u by the ordinate bb\ and the acceleration, as shown 
at tfy is zero. And in a similar manner the velocity, displacement^ 
and acceleration of the \ ibrating point can be obtained by com- 
paring the sinous curves I., IL, and III. (Fig. 101). 

Instead of the spring used in Experiment 76, we may^ use the 
following i-*- 



SOUND. 


123 


xiPPARATUs. — A piece of clock spring about one foot in length, 
one end filed to a point, 
to which a silvered bead 
is fastened. The middle 
jiaH of the spring is 
softened by the flame 
of a Bunsen burner and 
twisted sharply, so that 
the planes of the two 
ends are at right angles 
to each other. 

Experiment 77.— 

Fasten the lower end 
in the vice ; then when 
pulled on one side and 
let go, a curve is traced 
by the bead on the free end of the spriiij: 

• 

Si MM \nv. 

^ouud Waves aro h\ tin* \ of iIm* of air giving riM* 

to a series of alternate aiui //rr'f/M/f.' 

Transverse ribrafiotts aie v ilmitiouf* ,t right angh s to th< l«‘nglli of a imkiv. 

XiOn/fttudinal i throttons an \ ihiatani'' in tie din'Clion of thf* longOi of a IxKiy. 

Fl^uency denotes tlie nuinU i of Mhiation« |« I km 011 ( 1 . 

Amplitude , denotes t lie (‘Ntrena di-taiK* in eitla i diiKjtion tliriiugii 'vhicii 
any imrticle moves from It-, nn all |«»Kit toll. , , . 

wave Length w tin* {hstane*' from .uiv to tim n<‘\t erne whuli m 

moving in exactly the »ume manner ah the t.i -it ; or, vtUx ity ; fti'qneiiev. 

Km i.( I'L". 

K Waves of sound the fi«*fjnenev «»f ^\lII^h i-* \ ihratioii- |s*r S(H’ond 

m®»froiu a Stratum of <*old air to a la\( r of h..t a«i In thec*old an th(^«hK ity 
is 1,120, and in the hot air 1,1. >2 fo< t j« r con.i, I* ind the u; 4 v«‘ 1* ngth m « acli 
case. 

i- 2. Explain how the condciihalion and laK-f-ution eorintitating it ua^ of 
sound are iJTtxiuced. How ik a hound .it** propagated liirough an ' What »h 
meant bv a tmiv of sonuf/ and h\ f hi- lengrh of ;t ua\« *' 

a A glai«» rod' 5 b'et long i** r htmi»*-d .tt uhc nto* and ruhN-d lonKitudmullv 
adth a wet cloth. State liovt it \d.iaT*'- ^'le n thn-* tnaled, aufl ciuinilah* the 
velocity of sound in gla-'s**, if the idxo* okI makt-i i.irf#.) complete viiaatioiifi 
every second. . , i . 

4 . What doyoti und(‘rHtand bv a \ibrator\ motion; lhKtinpn«.h Uuween 
loar^Hudina l and transverhe vibiationK, and illuKtruteyouranhuer bv an »'\ample 
of 

5» Doea the time of riwcillntion of a |»endnhim d*’|x-nd on the amplitude of 
the vibration? What Ix-aring ha' vour aii-wer on the th«»ry of Kiund ? 

d. l^fine the nu^aning of the term ** frcr(iieney. ” II the frequmej’ of a 
tuning-fork is 12^ end the number of vibratauve |x*r hour a sf-eemd Kirk 
«xce& that of the first 300, how nmny beats will there la* in a minute if the 
Iwo arc Koimdcd together ? 



Fi (4 lid. -<'un*“‘ of <li‘.|<lac(5nK'nt, 

ami fu« (‘Icrtition 



CHAPTER X. 


VIBRATIONS OF A STRETCHED WIRE OR STRING 
MONOCHORD. 

Transverse Vibrations. - To show that the frequency or number 
of vibrations per second much hy a stretched string or wire 
depends upon — 

(1) Matf'vUil, (2) xtnti‘hni(j or (mxioHy (3) thicknesff of 

fhff‘tifrhi(f or ^rlrr, ( 1) 

An instrument t’oi* the study of the vibrations of stretclu'd 
^^ires or string is ealh‘d a inonocfomf or sonometer. Or the top 
of a pine table on wliieh tN\ri blocks are iixed may be used. Over 
these blocks tlie string or wire is stretched. A w’eight may bt* 
used to Kt retell the wire, or the tmision may be indicated by using 
u spring balance. 

Monocbord. A deal hoard 3 fi*et long, 6 inches wide, and 
I inch thick, ha\ing one end bevelled, into which two rouiid- 
headetl screws are fixed in such a manner that they slant outwards. 
Two hartbwood bridges are fixed, one at each end; these maybe 
made inches long and 1 inch .s<|uare, having the up|>er edges 
lM?v(‘lli»d, and at the ctmtre a piece of thick brass wire inserted, 
on which the ''ttsd wiros ctm r<‘st. Two hard-wood bridges made 
of the same ilimeusious and in a similar manner are used as mov- 
able bridges. A piece of haul wo<m 1 i.-> firndy fixed into the l>oani 
at om^ end, so that a wrest pin can in* carried which fits tightly 
and allows the win* to whioli it is attached to l>e tighten^ by 
turning the pin ; this wire is used as a standard of reference, which 
can b<? done by using a tuning-fork and turning the pin until the 
two are in unison. A wire fastened to the other peg carries at its 
lower end a liook or scale pan to wduch weights can be attached ; 
tlie Imrd is lixeii in a nearly vertical position, having lower 
mi sloping outwards, so that the wires bear on the lower htid^ 
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A scale is fixed to tlie board, accimUely "rnduated into 

inches and fractions of an inch, or into ceminietros and luilliiiudres. 

Apparatus. — Weiijhts ; steel nnd l>i*ass piaiioft)rte win* of 
different thicknos.s, and nionochord. 

• Number of Vibrations Varies inversely as the Length. 

Experiment 78. — Twist loops on the ends of two pianoforte 
wires (of same diameter and mat(‘rial ) : i^ut them o\ er the two p<*^^s ; 
fasten one, to the v rest-pin, and to tlu‘ otln^r atlath any suitaldcs 
weight. The bridges b(*ing at etpial distances a}»art, afljust the ten- 
sion, or pull ill one win* by tuniing the wie''t-j>in until, when the 
strings are pluck(‘d, the same note is obtained from eaeh- that is, 
the wire.s are in unison. When this is obtained, mo\e (he bridge 
under the wire to ^v])i(*ll the weight i.s attached nc;in r to the tr\<*d 
end. It will be found that ai» tin* length of the wirt* (wljich is 
the distance between the bridges) is f-huttnud the Miinid bis'onas 
higher in jiitch, the cause being tla* uirrms^ d ntnuln > nf rdtrufious. 

The conver.se is also .seen to 1»e tiia*- that is, if tlx* length be 
increased, the number (»!’ Mbrations is dimimsbed. 

•This is also to be obser\ed in lApc-nment 7(), tlx* strip being 
fastened in the vice, noting the nundjer oi M]»rations made* by a, 
projecting length, and tlie increased numher wlx n tlx* prf*j(‘cting 
part is shortened. 

When one bridge is balf-way along the board, the length of 
one string being half that r>f the fxlar, tlx* numb(‘r of vibrations 
made by the shorter one will be fouixl to be twice that <d* the 
longer string, and the short(‘r will gn<‘ the o(tavf* of the note 
given by the longer .string. 

Thus, when the tw<‘ strings of tlx* sanx* material and ."ame 
diameter are stretched by ccpial weights, tlx* number of \ibratiens, 
or the pitehy varic’s inversely a> tlx* length. 

Sounds or Notes,- When a sr>und is sueb that its 
effect on the ear is continuous and ai^reeable, it is (ailed a musical 
sound. A musical sound i> yuoducMl by a number of vibrations 
reaching the ear with r(*gularit\, and in such rapid sueceHsion that 
no interval of time can be d<*tecte<l between them , in other words, 
tim sound is continuous. The.^^e sounds ditler in pMo When 
the number of vibmtions per Mvond is gr(*at, the pitch is high; 
when small, the pitch is low*. 

The pitl^ of a note may W* expn=*Ksed either relatively with 
regard €b some other note adopted as a standard,‘or absolutely by 
the numl>er of vibrations ret|uired to piTxluce the note. Thus the 
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middle C corresponds to 256 vibrations per second, and its octave 
to 2 x 256, or 512 per second. 

In Sa\rart*8 wheel a toothed wheel is fitted to a whirling 
table. As the wheel rotates the teeth are made to touch lightly a 
thin card. When the wheel is moving slowly a series of regular 
taps is heard. These occur much more rapidly as the speed of the 
wheel is increased, until they blend together, producing a lowaiote, 
the pitch of which rises as thci speed is increased. 

Disc Siren.* -A j(‘t of air is blown against a rotating disc in 
which holes have been pierced. The hoh*.s are arranged in concen- 
tric circles. 111011 , as the disc is rotates! , each time a hole comes 
opposite tlie jet, the air rushes through the 
opening, }woducing a w^ave of compression. 
( )wing to the elasticity of the air, the wave of 
compre.ssioii i.s succeeded hy a wave of rare- 
faction <luring the short interval that elapses 
until the next hole coimvs into position. The 
interval is. diminished as the speed of the 
wh{‘el is increased ; the pitch of the note pro- 
ducts! ris(‘s with th(' .speed of the disc. 

The monochord may be used to e.xhibit 
the relations whicli ('xist het\ve«‘n the notes of the musical intervals, 
by altering the length of tlic string. 

Kxpkuimkxt 7 It —Divide tlie distance between the two fixed 
bridgt^s (as indicated by tin? scale underneath the wire) into the 
reciprocals of the following fractions, then sound the string as 
a wdiole, and afterwards shift tht‘ movable bridge; the diatonic 
scale will be produced - - 

C 1) K F (I A 15 Oct of{’. 


The disc siren may be used to explain the harmonious intervals, 
such as, for example, the common or major chord O E O C. ITie 
di.se should be perforatt^l witli four concentric rows of holc^ ; the 
numbers of hoh*a in the rows, iHguming with the outer, should be 
as 8, 6, 5, and 4. 

If in Ex|[>eriment 79 the wire l>e pimped gently, ho that the 
amplitude of the vibration is small, the sound given out by the 
vibrating string w ill \h^ almost inaudible ; but if the amplitude be 
increased, the loudnes.s of the note given out will he fouitd to 
increase with th** amplitude, or more exactly, the hudmM is pN^ 
to tke squatr of itmjfdiHide. 
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Pitch Varies as the Square Root of the Tension. 

Experiment 80. — Place the two ))nc]ires so that the disfaiu-es 
between them, or the length of the w ires, i^ the same. To one %\iro 
attach any suitable weight, and adjust the urest jun until the two 
wires when set vibrating are in unison. If now the weight be 
incregused, the number of vibrations \\in be found to increase, and 
the pitch is raised; when the weight attach(‘(l becomes four times 
the preceding amount, the number of vibrations will be doubled 
—in other words, one wire will give a n<»t<* and tin' other iU 
octave. Hence th^ pitch i'f/ri*’s ov fhr root of' the tensirm. 

If the wrest-pin bt* so adjusti'd that one wire gives when 
plucked the note C (this can be tested by u-inij: a tuning fork 
vibrating 256 times per second), and if tla^ other wire Ik* weigbteil 
until it gives the note C, and tin* weight increased until the note 
E is obtained, it wdll be found Aiat the two loads an* as iO to «5, 
the square roots of wbicli art* 4 and 5 If nice tin* number of 
vibrations in the heavier- weighted •'tnug are J those of the other, 
or I* X 256 320 vibrations pt*r second. 

,In a similar manner, t<» produce tin* nott* (b i>r 384 vibrations 
per second, the wtdghts are as 9 to 1. 

Experiment 81.— Weigh etjual lengths (»f brass and stetd wire; 
attach to the inonochord, and hiad with ecjisal weights; the num- 
ber of vibrations will bt* found t<» be ditlenuit. Ait( r the lengths 
the wires until unison between the jH*t*s giv»n out b\ the wires is 
obtained; it will be found that the lengths an* in /enrxe propor- 
tion to the square roots of th*- e/ upuit /fvpfhs e/ trbrx, 

or that with equal lengths f»f wires of ditlerent density tlie number 
of vibrations is inversely proportional to tlie sfjuun* loots of the 
weights of equal lengths of the wires. 

A violin furnishes a good illustration. The lowest or bass stimg 
is wrapped round with metal wire, the tension is adjusted by 
means of tightening-pegs. The tim e upp<*r strings are of ditVen-nt 
thicknesses, and the lengtli is adju^ied by the ‘Mingering,'' shorten- 
ing or len^hening tVie vibrating pi>rtion so as to oiuain dillerent 
notes from the same string. 

All the preceding may be expre'-stsl in the following formula: — 




wheive N « number of vibration.s yxfr second, or frequency ; i tfie 
lengUt, and m tiie mass of the wdre. 
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Up denot(‘ the density of the wire, then 

^ ^ (jiip. 

4- 

Hence substitutiii!^ in (1), we get 
N =- ■ 

'\ irp 

Resonance. 

AppAUATrs. — Tuning-fork; glass tube; cork, fitted so as to 
slide easily in and out of the tube, fastened to a piece of brass 
wire. (Fig. lOIl) 

Kxpkrimknt 82. — Hold the ])rongs of the vibrating fork wdth 
its plane vertical, as shown in Fig. 103. Shorten the air column 
ir.'.V- pus.bing in the cork ; the sound be- 

« - - comes lomler until a certain point is 

reached ; beyond this the sound gets 
fainlt-r as tlm column shortens. Sup- 
pose the dotted lines to represent one 
swing of the fork from atoh. From 
a to h a pulse of condensation runs 
down the tube, is reflected, and returns 
to the mouth. When it swings back 
from /> to H (if the length A B is just 
the right length), the condensation will 
travel to the bottom and back just in 

Fju. iat.-Ke»onance of air time to combine with the condensation 
jU'oduccHl outside as it moves from 
h U) «. In a similar manner a rarefaction goes to the bottom and 
hack to A as the prting travels from h to a. When the air column 
is longer or shorter, the waves do not reach A at the right moment 
In the time required for a complete vibration, a pulse of condensa- 
tion and a pulse of rarefaction liave tmvelled each twice the 
length of the tub«\ If the tube had been open (the cork removed), 
the wave would have travelled a distance equal to four times the 
length of tube A B. 

ftlMSlARY, 

Transverse Vibrations. - Frennenev (or number of vibrations per second) of 
a »twtche<i wire or string dt'ijeiub ujKm (1) material, (2) tension, (3) 
or diameter, (4) length. 

Hteb dt jwiida nptm fmpiency . The pitch of a note is rained an oc^ve when 
the frequency is dottUeii, 
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Exercises. 

1. Explain the character of the \ ibration of a stretched v Htrinjr. What 
effect isprt^uced by touching it at one-tinrd of its lenj^th fruni eud to end? 

2. What is the relation ll€*t^\een the ua\e h ii^rth and the frequency which 
corresponds to a given musical note**' On v\luit exix'iiment is jour answer 

• 3. Two trains, moving equally fast, approach anti pass t'lu'h t)iher. An 
observer in one of them notices that the iiott* enntttd hy the whistlt* of tlie 
engind of the other train changes, as ii jiasses him. fnun .“>12 to 48(> vibmtuuis pt‘r 
second. At what rate do the trains ]>ass each other, untl w luit is the true vihra 
tion frequency of the note of the whistle? {A'./i.--Take v eltx-ity of sound ~ 1,1U0 
feet i)er second.) 

4. State in what way th<‘ r.ite i>f tr.ansveise \ ibration of a stivtelu'd siniig 
depends ujKm the tension. How W'ould jou deteiimiit' the late of \il>ratiou of 
the string? 

6. A steel wire, one >ard long, and streulied hv a weight of Ti lbs., vibrates 
IW tim*« per second when jilncked. Jf 1 wish t«> make two \ard,>4 of the sauio 
wire vibrate twi'r as fast, with what wi^glit nm-t 1 stretch it? 

f>. If two equally-stretclu'd Ktiings ot th«' s.uiie tliudcness, one of .stis'l, the 
other of catgut, give the same note v\h?*n stmek, \\hi( h of them is tlie longer? 

7. A cog-wheel containing <54 cogs revolves 24o times [xn* minute. Wluit is 
the fri^nencj' of the uiusumI note ]irodueed whm .i ^ard is h< hi against the 
revolving teeth ? Kind also the wave h ngth < one.*- jHmding t«> the note if the 
velocity of sound is 112<1*4 feet |m*i second 

8. A wheel with Jkl teeth touches a t.iid as it spins, ami iheiehv tiijits a 
nottt-tw’o octaves alKjve the nmltlle (’, which has 2“><> vibiulu»n» ini setond. 
Mow many revolutions is tin' wheel making ]>er nnimte? 

8. A circular disc pierced with a tt>m«ntiic iingttt etpuilistant holes iY)tati*M 
alvmt an axle which passes throHudi Us tentie A sin>at» nf .nr from a small 
jet ta blown against tne rimr of hol<‘s. ( in what do thi inNnsitx and the pitcli 
of the note pixaiuced dejs-nd ? 
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LIGHT. 

Light Waves. — In tlio ]>rec(Hling cha)>tors on sound, we have 
e-onsulerod sound waves. A sounding body acting on the neigh- 
bouring air particles sets them oscillating backwards and for- 
ward.s; these in turn act on others all alcmg tlie line of travel 
of the sound wave. Such an oscillation of the particles to and 
fro, in which, aft(‘r the disturbance, the air particles return to 
their normal condition, is calh'd a We next von- 

sider another kind of wa\e-niutioii, and to understand the manner 
in which light is produci'd, \>(* assume the ^^aves to be trans- 
mit b*d by sometbing in sfiace uhieh ^\e cannot see or otherwise 
detect. The medium which is assumed by physici.sts to exist 
is called ether, and is supposed to till all space, entering into 
the mass of all bodies, and tilling tlie little spaces between the 
tnimilo partich'S of wlie h all bodies are supposed to consist. The 
energy residing in ether waves, coining to our ]>lanet from the 
great source* of emu'gy the sun, is called radiant eu^gy, and 
receives throe ditTerent nani(‘s. Thus, if the ether waves raise 
the f<uuj>erat lire of the receiving body, it is called radiant heat; 
if tliey atieet the eye, they produce light; when they effect 
chemical change.H, as on a photographic plate, it is called actinic 
energy. 

Light Travels in Straight Lines. — Tluit light travels in straight 
lines can easily be \eritied. Thus a of light from a lamp 
passing through a small round hole in the wiiidow*ghutter of a 
darkened room forms a divergent or conical l)eam. If a sheet of 
paper be held in the path of the Wain and at right angles to it, 
a round, bright patch of light is formed, the size of which increases 
m the distance of the papr from the shutter is increased. 

Appaiutus. — Cardboard, candle, tissue paper or tracing paper. 
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Extebiment 83. — In a sheet of canlboard make a small pin* 
bole, as shown at o (Fig. 104). Place at 8 a .screen made of tissue 



Pio. 104.— Exi>erinjent to show tlint lighc tra\clH m straisht Hot'S. 

or tracing paper, and u*lig]itod cand]<* in such a position that 
the centre of the candle flame' is at ov aixmt tlu‘ height of the 
pinhole o. 

When thi.s is done, an inverted iiiiai;<* is seen on the scree n. 

If the hole o were enlarged, inste.ad of a eloar)y-de<in(‘tl imagtj, 
a bl.urred image would be fonnc*d on tin* seroen. 

If the screen 8 be reinovt‘d, and r('j)laced by a sheet of card* 
board having a pinhole as shown at o, then when placed sc that 
the tivo holes are at tin' same hoiirht and in a straight line, tin* 
light can be seen shining through, but cut oH as ^oon as either 
card is n^oved. 

Law of Inverse Squares, 

Apparatus, — A small, square win* frame ; (‘andle. 

Experiment hi. — F ix the wiiv fraim* A 14 (Fig 105) in a 
vertical position, beUveen tla^ lighted candle and a screen, t*r the 


r. 



wadi of a darkened room, the flame of the candle l>eing at the 
same height as the centre of the frame. Cut out a piece of paper 
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which just fits the shadow, CD, cast on the screen S, or the wall. 
If the paper be folded twnce across, as shown by the lines, the size 
of each of the four squares into wdiich S is divided will be found 
to equal the size of the wire frame. Hence the area of the square S 
is four times tliat of tlie frame. As the same amount of light 
which is cast upon AH is cast upon the square S, the intensity 
of illumination on S is only -} that on A B. If the distances are 
.1 and 3, th<i areas will be 1 to 9, as shown at EF. 

Repeat the experiment, altering the distance of A B from R 
Tabulate as follows 


Distfiiict* of A n 

Dislaiicf of S. J Area A 15 

Area of S. 





■ 


i 

! 

1 



Rumford’s or Shadow Photometer. 


ArrvHATrs. — A caixlboanl or ground-t^dass screen, in a 

vertical jH»sitiou ; a small rod 12 or 1 1 mcht^s in hmgth, and I inch 
diamett*r, iixt'd in an upright j^osition opposite the centre of the 
screen, and about 0 inches from it : candh\ and gas or lamp. 

Experiment So. Arrang<‘ the llamc of the gas (or the lamp) 
almost edgewise, and about 3 or 4 feet from the screen, so that 

the flame of the gas 


|i and that of the candle 

J \ are about equal in 

^ [i j \ i| I height Atijust the 

I { 1 jl position of the candle 

\ EX. Iv^ C JJI until the two shadow's 

\ y ' ^ cast by the rod on 

I the w’hi&‘ sen^en lie 

edge to edge, but do 

When the shadows are <x|u»lly dark, the screen is equally ilhi- 
iniuated by the two lights. Measure the distances from the screen 


Fio. aMl— .sbiMlcw |»bot4jnieU'r. 
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to the candle and to the flame. TlK‘n the squares of these 
distances will represent the comparative iliuiniiiating pow(*rs of 
the two lights. 

Repeat the experiment %\ith the gas flame at dillereut distances 
from the screen, in (*ac}i case nH*asuring carefully the distance of 
tile candle and gas or lamp tlamcs. 

Tabulate as follows - 



It will be found that the numbf*rs in the last column art* cither 
etjual or very nearly so. From lids r(‘suh the illuminating (or 
light-giving) powers of t\\o sources are to eacli other e,s thv Hfputnn 
iif their respective //ix/n/ev s * jnnn ttinj surjoc** irhich they Uhnninate 

KxamplI’:.- If the M T) f<«ft froiii tlic str<‘«Ti tlir(*us h h1j;kIc\s dark 

ax a candle at ii tMt from u, t!j^“ illuimn-aiujr of iIg- tv\c are 

an ,V to 3“. oras2*»t<»U, an<l thu*- .tt .in\ / in. us tie n*f n, tlie cnulle 

indtig at a distance c, llit' coiiij»aMti\e dluniinatinfr |M)n<o «»f tlie tvw» lig^ht^ 
are a« r- to <e\ 

The unit used to measure the liirht giving pr,\ser of variotts 
sources of light is tlie light grsing power of a speiin candle (6 to 
the lb., and burning at tlie rate of ll'O ^xmins per hour). 

Grease Spot or Bunsen’s Photometer. 

Wht'n a greas4‘ sjwjt is iiiad** on a >-hcfd of unglazed pu|rta* 
(which is easily efVectetl by dropping somr* iiieltetl %vax from a 
{:>arafHn caffUle). and a light ]>lar*r'<l on one side tlie sheet, it 
will W found that the light is tniusndtied quite freely through 
the spoi. 

ArPAftATrs. — A sheet of cardlioard about x V through 

which a hole is cut about 2 inches square : a piece* of white 
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unglazed paper is pasted over the hole, at the centre of which 
a grease spot is made, and the card fixed in a vertical position. 

Expkrimknt 86. — Place a lighted candle on one side, and the 
spot wdll appear darker than the rest of the sheet when looked at 
from the side on which the candle is placed, but much lighter 
wlien looked at from the other side. If now a lighted candle be 
placed on the othcT side, and the candle moved about until the 
grease spot and tin* re.st of the sheet are equally bright, so that 
the spot becomes eith(‘r altogether or nearly invisible, the two 
candles (giving about the saim) amount of light) will bo found 
to be at equal distances from the sli(*et. If the candle on one 
side the sh<‘et be moved so tliat its distance from the screen is 
twice what it was before, it. will be found that three additional 
miidles are rerjuired, or four candles ,ou one side at double the 
distance of one candle on the otlnv side, to give the same intensifj/ 
of lic/ht -thus pro\ing that the hitenaiff/ of liffht varies inx^erseJy 
as the square of the distance. 

Hence, to compare the illuiliiinating power of two sources of 
light, thi’y are })la(‘(Ml one on each side of the screen, and on a 
level with the grease spot. Tlu‘ two sources are so adjusted ‘that 
the grease s{»ot is of the same brightness as the rest of the screen, 
and the distances arc measiir<‘d: then th*> Uluniinating power of tfw 
tfvo sources are as the squares of their respective didances from 
the screen. 

Ex\Min*K. '-Pljicc a prns flaint* and a candle flame at the 
alnnit fi or hnjt ajMxrt. !Mo\ <• the shert Ixawecu the two flames nntd 

bah side’s of the hhi‘et Uvome «Hiualh illuininated and the bnght gn^ase 8f»ot 
diHa|»jH»ar5», or nearly ^o. Mejisnre the <h ta'ice^ of the twt) names from the 
screen. If the,se art' 4 and 1 ftH»t res|»ecti\ely, the intensities of the lights 
aiv im^xirtional to Ki and 1, or 4- and F. If a ^tandard candle were used in 
tht? exiH'ritnent, the pis flame wtnihl Ik' said to W 16 candle-fiower. In a 
aitntlar manner tlie intensity t>f any other flame may be found. 

A convenient form of photometer was introiluced by Bunsen, 
simple in construction, and similar in pnucijde to the above. It is 
much used to test the illuminating power of coal-gas, oil-lamps, 
and other flumes. 


SUMMARV. 

iMMUid. and e\er> kind of radiation ik called ntdtani tsergpf. In 
transifercnct' of energj^ t>\- the ether waves^ if the temiTK*rat«re of tho receiving 
body l»e mcmwM[»d, it is calkxl mdmnt hmt ; if the v.*avt*» affect the retina, they 
are known aft light. 

Fmpigl^loia ef Light travels In straight lines when jiassiiig thnongh 

am medflnm, but is ueually refracted —that t», has its dueettem changed— -in pass- 
ing from line meditiin to another. 
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Xiliunlafttion of a body is the amount of light received from a given S'onrce, 
and is found to rar^ unrm/// as the square of the dtstanec of the hodu from the 
murreofli^ht 

PlkOtometer is an instrument used for compaj mg tlie intf iibities of two sources 
of lidit. 

Rumford’B or Shadow Photometer,— The light-giving ixn\ its of i\\ o sources 
are as the sqxutns of their distances from the srrn u. 

The Grease Spot Photometer. — 'Hie inteuMtieNof the tv'to sources of hght 
are as the squares of their distances from (he s}m( 

VjWaum.'^, 

1, What do you understand hy tin* inten" ty of th(‘ ilhiiinnation at a jKiittt 
due to a given source? I)escnbee\)w'rnm nt> <» pioy* tluit the intensity of the 
iiluuunatiun at a point due to ,t g»\en ''in.ill * in\< i^ely pmiKiitiuiial to 

the Sfjuare of the distance of the |stint fuun tlu* ^<«tuce. 

t?. Two sourc**.'. of light uhr^i phuid at S and 10 f»*et from a scr(‘en pi'i»duce 
the same intensity of ilium matlbn. Compaie the illuminating of the 

two sources. ^ 

3. If the intensity of illu ..maiVn of a wi* en at j f< < I fiom a gi\cn source 
of light Is* denot<'<i hy 1, tmd the nlNn.‘-n\ uh<n the di>taiKeof the ‘‘tueen is 
incretUKxl to 9 feet. 

4. Descrilw* a simple iihotomet* r. and stati how it h hm d for comjianng the 
intensities of two sources ut liuht 

5. Of two ga*- darne*^, one giie'^ on? tweio v fn»* tma s ;m rnurh light .as the 
other. If the smaller flaiu'' U at a di-taiue <-( - ftt t fiom tho screen, x\liat is 
the distance of the larger dame when tia nil(n‘'it\ light i'^ erpiul on lioth 
sid^ ? 

6. W’^hat course would m<u ado))t if it Wfu meesnarv to eumfwirt' the 
illummating |»ower uf a >eiv hiight light witli tli.it nf a Nf.md.inl candle*' 

7. Plxplaiu why the ch ar image ot .i hiightlN dluminated ohjeca, whnh can 
ix? formed on a scm'ii hv meaiiH of a pm lioh, U»(>m<<^ lOurn'd if th‘ hole m 
fularged. Illustrate your an^w ei hj adutgiain 
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Light is refloct(‘d oitlier irregularly c»i regularly — irregularly from 
the surface of rough or luipcrfectl- -polished bodies, and regularly 
from smooth, polished surfaces. 

Wh(3n a ray of light falls upon a polislied surface, it is reflected 
or thrown back from that surface* If the light be perpendicular to 
the surface, it is reflected back along the path by which it came . 
but when the ray is ol)h(|U(' to the surface, tin* reflection is also 
oblique. Also the normal to tlu' surface at the point of incidence, 
and the incident and reflected rays, are in the same plane. These 
facts arc cxpross(*d in the following tw’o law.s, called the Laws of 
Reflection:™ !. Tin' angle nnnh* by the incident ray wdth th| 
normal is always ecjual to tin* angle which tlie retlected 
with the normal, or the angle of incidence is equal to the angle 
of reflection. 2. Tin* incident ray, tin* reflected ray, and the 
normal, at tim point of incidence, ciiTO in one plane. 

Appauati's. — Small wooden stick (wdiitened) fastened with wax 
at the centre of a flat mirror and perpendicular to the surface. 

Experiment 87, -If a l>eaui of ])aralKl rays from a lantern, or 
a suulieam passing througli a hole in 
a screen, be cajst upon the mirror at 
the foot of the rod, it will l>e found 
that the angles which the reflected 
and incident beams make wnth the 
mirror and stick are equal to each 
other. Thus in Fig, 107, AB is tlie 
mirror, 5S the stick perpendicular 
to A B, and hd the incident and 
the reflected Warns respectively ; the 
angle made by the reflected beam wdtb tlie mirror is the angle 
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Ahdy and this is equal to the rl)l\ which the incident 

beam cb makes with the mirror. Also the angles </68 and Bho 
made by the reflected and incident beams respectively with the 
stick are equal. Tlie stick repnvsents tlie normal to the mirror. 
Hence the angle of incidence is equal to the angle of reflection. 

* By using a sheet of stiff pajuT or cai-dboard and placing it in 
position, it will b; found that the ittcif/viff (rvtn, ihv (or 

stick), and tlie n^JU^cted beam Vu' ht one pUmv 

Also, if the Jiiirror b(^ nio\(d tlirough any am:le, the rcllected 
beam moves through an an.glo twice as great : tliu'^, if the mirror 
were held so that hr coincided uitli AS, th<‘ an”h* of iiuideuce 
would be O'*, and thoreforl the angle of r(*tlectu>n would also bo 
If now tlie mirror be tVned through In’, tlu‘ angle SAc would 
be 15^, and Bhd would b«‘^^i : but as hd oriLonally coincided 
with Ac, by turning the iiiiri\v ibrough lo' the line tul makes 
an angle of 30’ with its orii;inal direct mn. In a similar manner 
for any other angle th(‘ rule hohb. 

To verify the Laws of Eefl^ction. 


Fa. ins - \ piAaratnB t<i \pnn thf-law** 


Apparatus. A flat board AIU’I) (Fig. lOS) on which a 
graduated semicircle is lixed ; mm 

a small piece of thin glass [ J 

The back of the glass j|j 

should be blackened so that r ^ ^ 

i|fl(‘ction only takes place / / 

'•front : when glass / ^ ^ _ £ 

.silvered at the back is used, A "" B 

the refraction through the Pe. ms - vpparatnMo thf- iaw*« (»f 
glass may cause consideral 

error. Three toilet pins. .3 or I incln s lonir. with blat'k !‘ound heads. 

Experimfxt 88. — Draw a lim‘ pa-^intr tlin»ni;h o, the zero 
of the gra<luate(l scale, and perpendn'uiui t<> the edge tFig. 
lOf): this represents the normal. Fi\ a pin at // close to the 
mirror, and another in any conwnient position b . plac*e tin* thin! 
pin, a, in such a position that o, //, and the image of A are in the 
same straight line; when this is done, note that the angles Apoand 
apa are equal. A sheet of drawdng-paj>er may be u.^^ed instead of 
the graduated scale shown : the lines bp, /or. and IX’ are carefully 
drawn on the paper, and tiuallv the line po at right angles to ihi^ 
etige D^J. 

\ Eefraction. 

ExpItBiMENT 89.- Place a small disc, such m a coin, in any 
convenient vessel, such as a basin, and place tlw* banin in such a 



REFLECTK)N REFRACTION. 


188 


position that when looked at from a point E the coin is jUvSt 
iiidden by llio edge of tlio basin (Fig. 109). If now water be 



poun^d into the basin as carefully as i)os- 
sible, so as not to disturb the position of 
the coin, the coin appears to rise with the 
h‘vel of the water until its whole surface 
is visible. Any rays, such as ET and 
KTK mooting the surface of the water 
at I and 11, are reflect (‘d away from the 
noriual, as shown by I IT^; but to the 


Kio. iW).-r:Ki)orimenttoshow eye at E the edges d and h appear to be 


refmKion. ,/' // | pj [J produced. 

Be&action. — AVhen a ray of liglP falls perp(‘ndicularly upon 
any surface, it continue^ its course i.i tlu' same straight line; but 
a ray of light whicli falls obli(pu);‘„ upon the surface of a trans- 
parent body is found to be divkhul into two parts, one of which 
enters the body, the otlier is rellectt*d from tlie surface. 


If a ray passes ol)U(|uely from :me medium into another of differ- 
ent density, xt is found to ehang** its direction. Thus a ray of 
light R (Fig. 110), N\hic)i reaches tin* .sur- M •, 


face of water at I, shown, is deviated R‘ 


from th(3 line R I, and goes on in ii mnv 
direction 1 C. l.et M AF demote the 
normal to the surface at 1, the xvfh'cted 
part I R' is .such that the angle of in- 
cidence R I is equal to the angle of 
teffection M I IF ; if tlxe line R 1 be pro- 
duced to any [>oint IV, then th^ jlf’ 

C \ M' callf d fh*> angle of refraction. 

The angle IV 1 0 

shou.s tlH‘ devia- Fro. no.— R«fTa<!tlon. 

tion of the ray from the .straight line, and 
is calh*d fhv angle of deviation. 

Thus, wlieu a ra> of light passes from 
a nirer to a denser medium, ilte angle oj 
i\fractuia uv ahvagti ksa (h*m the angle qf 
inculenro ; when the ray passes from a 
tlenser to a mrer medium — say from water 
to air — the angle is greater. . 

Given the ]>ath of a i«|r te to dnd 
the |>ath in water, if H I k ihii incident 
ray (Fig. Ill) at the point of incidence (I) with any convenient 


M 



Fia. in. -Angl 4 
retnettou. 
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radius, describe a circle ; draw M' perpendicular to tlie sur* 
face. Let K bo the point where the incident ray cuts the 
circle produce R 1 to cut the circh' a^aiu at 15 ; from B 
drop a perpendicular BD' on the normal, and make 1 P e<|uul to 


BD'. Divide IP into four etpial parts, rnakiiiLC IE ^ IP, 

4 

Draw EC parallel to M M', cuttiiifc the circle at C ; join 0 to 1, 
then TC is the path of the refra.oted ray, and C ( M' the angle of 
Infraction. If CD be drawn ]>er])(mdicular to M Al', the ratit> of 
B D' to C D is the index o/ refraction, and is usually denoted hy fx. 


When the 


the two niedi\ are air and w ater, /t 

f'ct is only to in the direction T (’, 
foonjetrical ccaistruciion ma\ bo used . — 


As the object _ _ - - 

ing simple geonjetrical constnicrion ma\ 
Ix»t li I (Pig. 11-) denote a rav in- 
cident to the surface of the '^ajer NX'; 
draw the normal ALiM', and il B'^perptMi- 
^Hci^ar to ]MM'; ^\ith any eonNcJiIent 
radius describe arc of circle U B3I. Make 
3 

IP R ; draw P J5 jHTpendicular 

metding the circular aic in 
I and produce to C, tle n 
repTesents the path of tie 
ray. 


B 

C 

tin* 


IV 4 
l> " 3’ 

follow - 



\ itjrlt' t't rcfra<Hon. 


If the second medium be g - ;;j, make irP.* - R H, 

and proceed as before. 

When a ray passes from a <lenM r to a rarer medium, the ctm- 
struction is the .same as de.seribcd 'f'hus 

Given the path of a ray of light in water, to find the path in 

air. When a ray j>ass<‘S from wau r to an*, ff llenca* if (J I 


(Fig. Ill) denote the ray, v^ith T a,s cf*ntre and any convenient 
radius, draw a circle; draw the normal M M' pas'-ing through T, 
aiid ai the point of intersection iC) of the ray <C I) with the circle 
draw CE parallel to 31 Al', J>i\idc IE into thn^* c-cpiai parts, 
and make I F erjual to fo\ir of parts ; dmvr P B parallel to 

the normal, and intersecting the circle at B. Join B 1, and pro* 
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(luce to cut the circle at E, ; then 1 E represents the path of the 
refracted ray in air. 

In passing from the medium of greater to one of less refractive 
power, the ray is bent away from the normal. 

Critical Angle. — As the angle C'l M' increases, the point E (Fig. 
112) approaches the surface N ; and when E coincides with N, fhe 
refracted ray just touches the surface of the water. In Fig# 113, 

make T F = ^ 1 N'. Draw F C' paral- 

lol to jNI M' cutting the circle at C' ; 
join O' to 1. Then G' I M determines 
the critical ^hgle — that i.s, for any angle 
greater tha^ C' 1 AI the point E w'ould 
fall b(do\y5ne sui*face; hence there would 
bo no r#.?rdct(al ray, and tlie light ^\«oul(l 
Ik‘ totiilly r(‘fl('cto<l 

In water with refractive index 1*33, 
criticafl' angle — 48*5'. 

With crown glass refractive index critical angle ~ 4F. 

\ 

Refractive Index of Water. 



AppakatI’s. — A small rectangular trough (which may he 
biscuit tin made water-tight by marine glue); a sheet of bla^ 
eiied paper fasteiu’d to a block of wood, 
and having a small hole as shown at () 

(Fig. 114).' 

Expkuimknt iH). - Allow a beam of 
light (from a lantern, or by 
apparatus in a dark room) to pass through 
the opening () (Fig. 10?<). If a scale be 
placed along the base of the v<»ssel, the 
reading of the point 15 t'an be nottnl ; if 
now the water be carefully run in so that 
the }>oHition of the .s<'ale or the %essel is 
not disturbeil, it will he found that the 
innim will be fleviateil from the straight 
line R B. and will 1 h‘ refracted towanB the iioimal MM'; when 
the level of the water reaches a known height I, the reading of 
the [K>int C is taken ; then by means of a sheet of paper am4 
drawing instruments the values can he veritied. 

The atigle M' I B is called the nmfie o/* twriV/f m/v, also M' T C b 
the nriifk o/ rf/metion, and B 1 C the onr/fc of dcv’mtion. 



Fi«. lU. — Experinunt 
tuitie angle of 
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Befractive Index of Glass. 

Apparatus. — A rectangular block of glass (a piece of glass 

from a box of \\(‘ights may be 
used) ; a few black-lieaded toilet 
pins; drawing paper and instru» 
ments. 

Expeuimext 91.-- Pin a sheet 
of drawing-paper on a drawiiig- 

b(»ard, as slum n in Fig. Ho: 

Fio.llS.-Hefraxrtionthnmgh glass. ^ 

convenient position, tlie pin h being clase to the block of glasi 
When looking througli the 
glass plate (t from the op- 
posite side of e and 4/ph*^e 
the two pins c and d in .suTti 
|.)o.sitiou that all four pins 
*appear to be in the same 
straight Inu*. Jly means of 
a tincly-point(‘d jiencil trace 
carefully the outline of the \ 

A BCD (Fig. IIC) of the 
block of glas.s on the jiaper ; 
next take away the glas.s Pui nr. n^frtnion timmKh irUR** 

and the pins, and join the points a he d. 

At the j>oint o, where the line he cut.s the edge A 1>, <lra\v a 
circle of any convenient size, n^ing o as tgntre: drau also the 
normal AI Al' passing th^yi^gli e. 

Draw fq and m perpendicular *ro tlie normal M AF. Measure 

the lengths of and r.v, and obtain tin* ratio of Alter the 

IK>sition8 of the pins, and proceed as befon* ; in each cas<M>btain the 



d ^ ,M 


0 

/ 

c 




A 1 

®r\b j 

\ :\ y 

f 8 


ratio You wdll diid that the ratio so ohtaiiicsl is approxi- 

r s 

mately the same. 

It will l»e found that the my emerging from the glass at c 
continues along the line rd, w'hich is paralh*! to « //, but not in 
tlie same straight line. 

Thus a ray of light incident to a glass plate, as shown in F’ig. 
f 116, in passing through the denser nu-<Huiii is Ix nt towards the 
normal, and emerging continu<»s along a line parallel to the 
incident ray, but not in the same .straight line. 



142 


BEFLECTION — REFRACTION. 


Bummart. 

Eeflectioil.-~«Light, reflected from a suitable surface, is found to obey the 
following, called the I«awa of Reflection : — 1. The rejlected ray, the wrmil at 
the point of incidence, and the incident rav aU lie in one plane, 2. The angle 
Of reflection Is equal to the angle of incidence. 

Refraction. —A ray of liglit in passing from one medium to another of di^er- 
ent density dwis not continue in a straight Inn-, but is lent, Theaugl|i^tween 
the normal and the path of the ray in tlie ridracting medium iinellflecTOi^ angle 
Of refraction. 

When a ray of light passes from a rarer to a de nser medium, such as from 
air to water, the anr/le o/ refraction u ahrnt/a less than the angle of incidence. 

Total Reflection.- -As the angle of incidt'nce witliin the denser medium 
increases, a r(‘rtain value is obtaiu(‘d lu'yond which the rays do not pass out, 
but avti bjtally reflected ; such an angle is oallf^d the critical angle. 

Refraction through a Glass Plate.— Whiui a ray of light passes through a 
glass plate, the light is n fractal — the cincrncnt rag is parallel to the ineideni rap, 

Kxkrcisks. 

1. Account for the anpeaiance of a straight^ odd ii>ix?d obliquely into water, 
illustrating your answer liv a diagram 

2. A ray of light ])assmg from air to water falls at a given angle on the 
surface of thr^ water. < Hve a geometrical construction to detenuine the path of* 

the r(‘fracted ray, // “ 

3. You are given a Tectanguhir bl«M*k of gluss. a drawing-board, and drawing 
materials, and some ]»ins. How \\<tuld you use these to find the refractive 
iiuh'V of the glass? 

4. Tlie image of a distant Inight ]»f)int situated \ ertically over a vessel of 
water is formed on the Uutoin of tlie vessel bv a eonvt'x glass lens immors€*d in 
the water. Would the dtstance ot the lens from the bottom lx? the same if tie* 
vessel were filled witli air? If iKjt, evplain v\ ith diagrams the cause of the 
(Utfenmee. 



CHAPTPJl XJII. 

MIRRORS— LENSES. 

Inclined Mirrors. 

Apparatus. — Two small ^aiio mirrors about S im la's Ijv (5 indies, 
having two ecl^es hinged togetlnn*, whidi can be etleeted by pasting 
on a strip of cloth ; candle, and a semicircle of cardboard divided 
into degrees. 

Experim ENT 92. — Place 
the two mirrors in a vertical 
jiosition on a table witli the 
lighted ciindle betw(‘eii them, 
and a nmnlx^r of images of the 
candle flame arc seen ; it will 
bo found that the number of 
images depends on tin; angle 
at which the two mirrors are 
inclined. Thus, if tlio mjjytj^rs 
at right angles, or the 
angle between them is 90°, 
the number of images w ill be 
three ; if the angle Ije 60’, 
the number will >>e 5 ; if 4r>% 
the number is 7 ; or if O'' be the angle between the rnirroi’s, then 

the number of images is given by ’ ^ ~ 1. 

With two plane mirrors at right angles, let I be the luminous 
point (Fig. 117). Three virtual imagf*s arc‘ sf*en by the eye one 
at I, another at II, and the third at 1 1 1. 

Moltipid Images. — A my of light from a |^K>iiit R falls u[)Oii a 
pkte g\&m mirror GG (Fig.'ll 8). From the front surface of the 
ghm ^ image R, is formed ; this, when It is nearly at right angles 


.. t 



Fi« 117 ,— m sih two mirrorj? at 
nj^ht ar»KU;s. 
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to the glass, is a faint one. 



The second image, R^, is caused by 
reflection from the silvered back, 
and is brightest. The light is re- 
flected >)ack wards and forwards as 
shown in Fig. 117, producing a 
series of images, Rgt R> 3 v ^ tc.,*of 
gradually-decreasing Wgmness. 

Apparatus. — Glass prism; pins; 
drawing-paper. 

Experiment 93. — Fix a piece of 
drawing-paper on a drawing-board, 
or on the top of a table ; on the 
paper place the glass prism in an 
upright position (Fig. 119). Stick 
two pins into th<3 })Hp<‘r, as shown 
at R and A ; on the other sid(‘ of the 
pristn stick two pms at A' mid Rj, 
in such positions that, on lookin'^ 
through th(‘ prism, the four pms ap- 
pear to b(‘ in the same straight line; 
n<*,xt trace the outline of the ])rism 
on the pap^T by nieaus of a lim‘- 
pointed pencil, remoxing the pins and 
tin* prism ; join the c(*ntres of the pin-holes by straight lines, so 
obtaining tin? lines K A, A A', and A'lli. As the ray RA passes 
from a rur<‘r to a denser medium, the i*ay is bent towards the 
normal, and thert'fore towards the base of the prism, as shown 
by A A\ On emerging at A' it i.s l>e/'t away from the normal 



£ D 

Fto. 119 —Refraction through a 
glass prism. 


to Kl) ; hence it passes in a direction A'R'. 

The angle R^ORj is called the rtar/Ze aj deviation. 

If a second w<*dg<*, similar to the first, is placed so that the two 
form a single wcnlge of double the thickness, the beam will be 
displacsed through twice the distance (that is, if the ray emerges 
and is not totally refl**cted ; this, of course, dep*nds on tlie inclina- 
tion of the incident nvy). If the two wedges lx? now placed so 
that a rectangular ina.ss of ghvss of same thickness throughout is 
formed, as before it will W* found that the emergent and incident 
beams will l>e parallel, but not in the same straight line (the two 
prisms acting as a parallel plate of glass). 

If the sides or faces of the w’edg^*-sha[ied prism (Fig. 119) were 
curved and convex, then t>vo such w-edges placed base to base 
would give what Is t*alh'd a convex lens, Lenaas may be divided 
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into two classes : those thicker at the centre than at the edf/es are 
called convex or converging lenses, and those thicker at the ed^es 
than at the centre are a b c d £ f 

called concave or di- A f \ ' ~ ^ 

verging. Sections of \ \ \ ^ N 

six* fori^s qi lenses are j | \ ! fi 

shown in Mg. *>20. At ^ 1 ' H 

A is shown a section S j I \ '\ % 

of a double-convex hns^ r ^ L — \ m 

having two convex sur- PJO iso.—njffeient forms of lem-es 

faces; at B one side is plane, the other <-oiivex, and the lens is 
(^Wed pi cmo-convex ; at C one side is eoiivex, tlie other concave, 
and the lens is called concavo-conrej\ or conrenjinff nieniscns ; at 
B*, E, and F are sections of concave or diverging lenses. I> is 
a section of a (lonJjIe-coyiaevf^ E a section c>f a j/la no~rftncaiy% and 
F a convexo-conx'ave, or diverging na nisrns\ 

, Apparati’S. — A few concave and conv('x lens(‘s ; stand. 

Experiment 94. — To ascertain the focus and focid length of a 
convex lens. In a darkened room plac(* th(‘ Ituis so that a heam 

of parallel ra\s falls on it-«* 
rays from any very distant 
ol)j(‘ct — or il n»ay he placed 
across a sunheum. An im> 

aga of the object is formed 

at a point K, called the 

lie prmrijKff fut'itit. 

In the double - convex 
lens, .shown in Fig. ILM, the 

* S fal” ^ ' rays actimUg j>ass ti, rough 

- — ^ the point F, an<l the focus 

In the cii.se of the 
doulde-coiM’ave lens, .shown 
in Fn: 121, the mys appear 
Fio. m.-Principftl focaa of sdouble-oonrex. to eonie from a point F: 

«Hlia«of.d.>ubteH»nc.vel«„«. virtoaf. 

If u denote the distance of an object, and t* the distance? f>f tlw^ 
image from a mirror or lens, and if /'denote the fcK^al lengtli, then 


Fio. ISM. —Principal focns of % double-oonrex. 
«ui niiio ot a double^concave len«. 


% and / are found from the formula 

3I 1 1 £ 


shown on p. 149), and^, = 


^ -f ? for mirrors (as 
V n 


for lenses. 


iim) 
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It should be noted that distances measured from the lens or 
mirror towards an object are positive^ and distances measured away 
from the object are negative. 

In the case of the concave lens, the principal focus is on the 
same side of the lens as the object, and f is positive. 

In the convex lens it is on the opposite side, and /* isjiegati ve. 

Thus distances measured from the lens or mirror in a direc- 
tion opposed to that of the incident ray are considered jiasitiye, 
and those in the same direction as the incident ray are considered 

negative. The relative sizes of ima^e and object, or = - . 

object n 

If V and u are of the same sign, the image is real ; if the signs are 
opposite, the image is virtual ; or ratio positive image is m//, 
ratio negative image is virtual. 

If V and u are of ojijiosite sign, the image is behind the mirror, 

and is therefore virtual. The ratio - is called the magnification. 

u • . 

Images. — Wlu‘n a conv<*x lens is used, and the object is placed 
l)etween the principal focus F and the lens (Fig. 122), a virtual 

image A'B' is pro- 
duced ; the lens is 
then acting as a 
simple microscope 
Thus an observer 
looking through 
the lens at an ob- 
ject A B, would 
see a virtual, en- 

Fio. 122. — Magnifying ]K>wer of a <louble-convex lens. larged, and ereCt 

image of A B. Tlu^ magnifying power is the ratio of length of 
image to that of the 
object. In this manner 
a convex lens may be 
used to examine small 
objects of any kind, 
and this also explains 
the action of a simple 
magn{fpin4f glam. 

If AB' (Fig. 123) 
denote an object in 
front of a convex lens, isa-lmage fonnwl by a doaM«-eoiiveJt kaw. 

principal focus FO the optical centre, and FO produced the 
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principal axis — if A' and B' be joined to O and produced, the 
image will lie somewhere between thes(i lines. From A' and IV 
draw incident rays parallel to the judncipal axis ; the refracted 
rays passing through F, tlie points A and B are d(‘tennined. 

The image is real — that is, it may be thrown ujton a screen ; 
aAd when a real image is formed, the image and object may be 
interchanged.* Hence if A'lV were placed at AB, the imago 
formed would be smaller than A 11'. 1'li«‘ n‘lative sizes of image 

and object are directly as theii respective distances from th<‘ lens. 

When the real image and the object are on ojiposite sales of 
the lens, the real image i.s always htrerfnl. 

Apparatus. — A f<‘w lenses of earning focal haigths, or the 
large front lenses of an opera-glass or l(‘l(‘scop(\ mounted in any 
convenient w’ay. 

Determine the focal length of a doublc-conve.\ or] »lano~ con \ cx lens. 

Experimknt 95. — Focus th<* sun’s ions f>n a sheet of jiajter: tlie 
bright spot of light is an image of the sun. iMeasun* tlu* distance 
of the lens from the image . this gnes tie- f(»cal length. 

Obtain on a screen the iniaire of a tish-tail bmner at a dis- 
tance of, say, 20 fe(?t from a h*ns. It will be found that tht‘ 
image is real, inverted, and .smalh r than tin* flame. If th<* burner 
is brought nearer to tlie lens, the im.'ig<‘ iiureast*s in size; when 
flame and image are at <*(jual distances frt»m tlie lens, they aie 
equal in size. When the flame rcacla s tlie j^rincipal fo<‘us, the 
refracted ray.s are paralhd ; and if tlie dame lie j))aced betwet'n 
principal focus and tin' lens, the refracted rays wouhl meet, if 
produced on the same, side of the lens as the flame. 

Measure the di.staiiCw/ of the objt ct and the image in sev(*rul 
111 

positions, and verify that - - . 

V V /. 

Apparatus. — Lenses ; cardboard ; tine w ire. 

Experiment 96. A .small 
hole is mode in a slieet of card- 
board, C (Fig. 124), and across it 
two fine wires are attaclu'd. Tlie 
hole is brightly illuminated by a 
gas flame; on the other side of 
the eardbimrd place the lens L 
and the screen S, ^love either 
lens or the screen until th<' 
image of tlie cross- wires is in 
loeus on the screen, Pleasure 



1J!4 ~ %ith 
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tlie distance n between tlio cross-wires and lens, and the distance v 
between tlie lens and the screen. 


Fio. 125.~-Kettection from a Rplierical 


Verify that 1 1; or/*= . 

r n J ' u~ V 

Apparatus. — Concave mirror and stand; candle, or object 
such as an arrow. 

Experiment 97. — Concave Mirrors. Let MNM' represent a 
M section of a concave mirror (Fi". 1 25), 

I C the centre of curvature (or centre 

of a sphere of which MNM' is a 
i \ portion) ; the line NN' drawn 

— jj-l — Ijp. through the centre of the mirror and 

\ \ tliroiigh the centre of curvature ijj 

\ ^ „ called the axis of the mirror. 

\ Wh(‘n a ray of light which pro- 

M' ceeds from a point R falls on the 

Fio. 125.— Reflection from a Rplierical mirror at R', the path of the re- « 

llected ray may be found by the 
following construction : -If C be joined to IV, then R'C is the 
normal at H' ; if the cnnjhi of 
rrfi^rJlon CU'R" Ik‘ made c<jual 
to the ffiir/Zc K R'C, j ' \ ^ ^ 

then irii" is the path of the __ 

reflected ray. If the ray be N 
parallel to the axis NK', then ^ 

after reflection from tlu* mirror , 

the ray will pass f.hrougli a point \ ® 

F, where N F FO. F is called Fi;fr-F 26 .-Rcal image ; concave 

the imncipal focus of themirror. muror. 

Thus AB may repre.sent a candle flame, or an object such as 

an arrow, which simply re- 
• fleets light, may be used, 
and wdll have an image 
A'B', and from Fig. 126 it 
' will be seen that the image 

is larger than the object, is 
ix'al, inverted, and beyond 
the centre of curvature. 

When the object is be- 
tween the mirror and the 
principfil focus (Fig. 127), 
the image A' B' is erects nV/wa/, and enlarged. 


Fi^JrKC.— Real Image; concavft 
mirror. 
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Size of Image. — Exporimentally, by placiii^r the object at vari- 
ous distances, it is found that the image is smaller when placini 
I>eyond the centre of curvature, is gr(*ater w hen })laced between 
the centre of curvature and the focus, and both arc the same size 
at the centre of curvature. 

• All plane and all convex mirrors form virtual images; but in a 
concave mirror, when the distance of tlu* object from the* mirror is 
greater than the distance of the princi]»al focus, the imtu/r is rml ; 
if the object be between the mirror and the fotuis, the image is 
virtual. 

As the angle of reflection is equal to tlie angle of incidence, it 
follows that when the angle of iiicidenet* is 0 - that is, wlien the 
luminous point is placed at C (the centr(‘ of curvatur<‘)- -all rays 
from C wdll be reflected back to 0. Thus, if OL) he a ray, the* 
ray \\ill be reflected back along DO: and thenfort*, if an object 
lie placed at C, an image will be produc<‘(l by rclh‘ctiou alongside 
it. This enables the centre of curvatun* of a concav(* b us to lx? 
found : for if the candle flame l)c placed on tin* a\is of the mirror, 
and beyond the C(*ntro of curvature, tin* rays an* focussi'd to a 
point on the axis between the juducipal focus and th<’ centn* of 
curvature; if the light bo mo^cd nt‘arer to the mirror, the flame 
and the image approaeli each other until, when tin* flann* is in 
such a position that tlie light and its image coincide, the object 
is at the centre of curvature. This enabieH the formula to be 
verified. 

Experiment 98. — To verify the formula for a concave mirror, 

11.1 

-r . 

J r 

Make a small hole in the emtn- of the canlboard, and a it 
stretch two fine wires; place a gas or lamp fluna* bohind it. 
Kext, in front of the cro.ss-w'ires jilacc a concave mirror, in 
sack a position that the image of tlie wires is funn(*d by their .side 
on the screen. The ilistance so determined is the radius of curva- 
ture of the mirror. If this di.ntiinee b«\ sriy, 8 inches, it will }>e 
found that the distance of the image fnan tin* screen and the 
distance of the object f/ora the oiirror art* in f*ach case S inches. 

Hence ? , which is eciual to 1 ^ \ . 

J ■ G t* J 

Ako, to show that the focal length is half the radius of curvaturr*, 
the mirror is adjusted until a well-defined image of some distant 
object, such as the sun. is obtained on a white screen. Tlie dis- 
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tance of the mirror from the screen will give the focal length ; 
this will be fom^^ to be 4 inches. 

Apparatus. — Two glass prisms ; stands. 

Experiment 99.— -In the previous experiments with prisms 
the appearance of coloured edges is sure to be noticed. Tlie 
ijolour, which is duo to the composite nature of whit^ light, k 
shown as follows. Sunlight is allowed to pass through a slit S 
(Fig. 128) into a darkened room, and is intercepted by a glass 
prism G. On a screen 0 a long baud of colour or spectrum is 



produced, one colour shading into the next, commencing with red 
and ending with violet. Jf a similar prism be placed so that 
the base of the second is iu*arest the edge of the first, the effect 
wilj 1)0 to }>rodue(' a white spot (»f light, the white image of the 
slit, displacinl owing to the refraction of the two prisms. 

If A cardlsmrd disc he divided into seven sectors and painted 
in the seven colours in the above order, when rotating rapidly the 
light from the card gives rise to a colour of white or light grey. 


SlMMARY. 


PUuiS BUrFoni. — If two inclined nairmrs are placed in a vertiai! 
tbe number of of any luminous point is given by - 1, where 0 


noiea the angle between tht' mirrors. 

aim W«dg«.-*When iigljt is refracted through a glass wedge, tl)e r»y» are 
bunt towards the base of the wedge. 

XBiagW fCniiMl ^ A Z^ena.— Lensea may be made of glan^ ; their curved 
iurlaoei are in many owes portions of spheres. They are nsuidly divided into 
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two cla**sc^ — tlio'se thicker at the centre than at thf‘ etlpre*^, called conrcr or 
t'<ym'€r(fi^ hmm ; and those thicker at the edpe> than at the centre, called 
mticitve or divergit^/ lensf9. 

Principal Focus. — When the source of light is at a imnt diiitmice, so that 
the rmfx are parallel ^ the |X)iiit to which the rays after refraction converge 
in a convex leaSy and ap^iear to diverge in a concnie lengy is called the principal 


focue. 


Exekcisf.s, 


1. Construct the path of a ray from a luminous ]>oint to the eye in a given 

after reflection from twt> pl.iiu* mnror^ at right angles to one another. 

2. In an aquarium a long tank is placed along the wall: the front of the 
tank is of glass ; the middle of the gla'.s is alK>nt die height of the observ er'seye. 
Exj^dain wdiy the fish ajipear to be n<‘arer to the observer llian they really are. 

3. How would you detenniiie by exiH^rmient the path of a ray of light 
through a glass ])rism ? 

4. A candle is looked at obliquely in .an ordinary plate-glass mirror 
silvered at the back. Diaw the c*oiuplete path of a ray from the candle, and 
show how to find the several images. 

5. A candle is placed at a given small di‘<tance in front of a hKiking-glass 
made of thick plate glass quick&ilveied at the back. A peiM»n Icxiking c»bliqiudy 
into the mirror sees several images of the candle. Explain tin-., and show the 
exact positions of the images by a diagram. 

0. Draw accurately the paths of four i.ivs, two pnxeeding from each end of 
an oViject 2" high, placed svimnetricallv on the axis t>f a conca \ e mirror of 4 inches 
focus at a distance of C inchts from it,' and thu'- obtain the ht*ight and position 
of the image. 

7. Find at wdiat distance an obieil innst be placed in front of a concave 
mirror of 6 inches focal length, so that the mirror nm> give a ical image of the 
object magnified six times. 

Here r 1 \ ; but tip. 

J 

.-.1 ^ 

t; (ipt p' ' 

The object niunt be placed at 7 iiulu-. from tie- nmrf>r 

8. An object 5 cm. long i** pl.wed at a dt.stame of AO no from a concave 
mirror of 24 cm. focal length. Find the an<l }H>Hition of the image. 

9. A (xmvex lens of 4^ im’hes fociil length is held at a cli-.tiuice of inehes 
from a disc half an inch iil thainetci. Find the jMjsjtion and -i/e of tin* image. 

10. An aiTow 4 inchc'. hiug i*- plrwd in inches ni front of a la.nvex JienH 

W'ho«e focal length i*4 indies. Illu-trate bv a figure, and find the and 

length of the image. 

11. Draw fux*urately the |*athofaiav of '•nnple light tfirongh a 40 prism 
of glaaa, wrbose index of rt^fraction is drawing the rav im ident on one fatx* in 

direction perfiendicular to the other face, 

12. A prism of glass is placed in optical coritat t wnth a thick plate of 
«finne kind of gla.H.s. llravv a diagram show mg the cour-e <»{ a r.tv Of light which 
pai»es through both tlie plate and the prism. 

13. Two plane mirrors are mdined tow'ard each other. Draw atel ex plain a 
diagram showing how the unage of an object placcfl Ixjtween them may be »een 
after three reflectione. 



CHAPTER XIV. 

HEAT— TEMPERATURE-EXPANSION OP SOLIDS. 

Heat. — The word “ heat ” is used in physics to denote the sensa- 
tion of warmth, and also that which gives the sensation. That 
lieat is not a inati^rial substance is at once evident from the fact 
that a heated body weighs just the same as it did when cold. A 
poker placed in a bright lire becomes red-hot. Although no in- 
crease in substanc(' lias taken place, the poker is in a different • 
condition from the former one. Its dimensions are increased, and 
it can communicate heat to otlier bodit?s. Heat is also produced 
when motion is destroyed, A few simple experiments will show 
this, Tims, rub a brass nail smartly on a piece of %vood, hammer 
a piece of lead, file or saw a piece of metal — in each case heat is 
devolopeil. The effects of applying heat to a body are shown by 
change of size and temperature and change of state. 

Temperature. — The temperature of one body is said to be 
greater than that of another when, on bringing them together, 
the first loses and the other gains heat ; ami the temperatures 
arc equal when mdiher gains heat from the other. Thus, tempera- 
ture is a condition of bmlies, and, when two bodies are placed in 
contact, determines which ’will impart heat to the other. 

Appaivatus. — An iron gauge (i (Fig. 129); a round zinc rod 
about I inch in diameter, and made in the form 
^ ^ of a T-piece, with a wmod handle at H. 
l| Experiment 100. — A zinc rod AB is made to 

H ht tightly between the two ends of an iron gauge G 

A il a (Fig, 129). If this gauge be heated by means of 
^ a Bunsen burner, the rod will be found to fit quite 

^ loosely ; but if the rod be belated, it increases in 

Pi«, 129, length, and cannot be put within the gauge. Ag^n, 
Utteftr «xp«iMion. hoth bc heated by plunging into boiling water, 
it wrill be found impossible to place the rod in position. 



• HKAT ^TEMPERATURE EXPANSION OF SOWDS. 153 


It is found by experiment that a bar of an}^ material will 
expand a certain small fraction of its length {called the cofjjicient 
of linear expansion) for every degree Centigrade vdiieh it is heated. 
For zinc this fraction is *000029, for iron *000012. 

Thus the expansion of the zinc rod for U C. = *000029, for 
8Q" C. = 80 X *000029 = *00232 ; and if the orii,dnal were 

10 inches, the increase in len<xth = 10 x *00232 = 0232 inches, 
and actual length of rod — 10 0232 inches. 

In a similar manner the alteration in length of the iron 
gauge can be estimated. The fraction for bra-ss is *000019, or 
^ that of iroiL That tlio expansion of brass is grc‘ater than that 
of iron may be shown by the following exp(‘rim(‘nt. 

Apparatus. — Two strips iron and brass respectively, c‘ach 
about 2 feet long, riveted together. 

Experiment 101. — Hammer the compound bar straight, as 
shown by A (Fig. 130). Pleat the bar ^ ii«ass 

by a flame sucliVs a Bunsen. When 
•heated the bar will be found to be 
bent as shown at B, the brass e\])and 
ing more than the iron. I'he bar is 
curved as shown, the strip of brass to chow 

being on the outer or cons ex part. 

Familiar instances of expansion arc* nunKTous— such as the 
cracking of a lamp glass, or of a glass tumbler into v^hich boiling 
water is poured. In both caM*.s the heat appli<*d to one part 
of the glass does not pass r<‘adily to th<* othf r parts, on account 
of glass being a bad conductor of heat : the heated jxirtion <*x- 
pands, and rupture occurs, I'o avoid breakage due to unequal 
expansion, thin flasks and sand-baths are usefl in a laborati-ry. ^ 

To allow for expansion of inm or st<’el rails by heat, spaces 
are left between the ends consecutive rails. In the Forth 
Bridge (1,700 feet sjmn) a total space of about IH inch(*s is allowed. 

Standard yard measures ami metre scales are const tucUkI 
so that they are the required length at some given ddiniU* 
perature. 

The English standard yard is the con*f*ct length when the 
t^mpeinUure is 62^ E, or 10| C-, and the metre v\hen the tem- 
perature is at 0** C. If usc*d at a temp<*niture diilcfring to any 
appreciable extent from that at which they were graduated, 
tJb© length will not be the same. Thus for accumte estimationa 
collections have to be applied to all brass or glass scales when 
these are attached to l>arometers. etc. It is important to be 




154 HEiW — TEMPERATURE EXPANSION OF SOLIDa * 

able to estimate the alteration in length due to any given rise 
of temperature. 

Thus if 4 derf^te the original length of a bar, 6 the number of 
degrees through which its temperature is raised, and c the co- 
efficient of expansion, when the bar has been raised through a 
number of degrees denoted by 0, then length = Z(1 + cB), , 
Values of c for a few well-known materials are as follows ; — 


Table TV. 



i r or eocificient 

Coefficient of 

MatoHal. 

of linear expanusion 

cubical expansion 


[ per 1 ‘ C. 

per l‘*C. 

Iron 

•000012 

•000086 

CopiKjr 

Zinc 

1 -000017 

*000051 

1 • -000020 

•000087 

I^raHS 

i -000010 

•000067 

(ilana 

•0000080 

1 -0000207 

Platmuin 

•0000080 

•0000267 


It will b(* notic(‘(l that the value of r is usually different for 
various matiu’ials. In the case of platinum and glass the values 
are alike ; hence* the following experiment can be tried : — 

ArrAUATiJS.— -(ilass tubing; platinum wire. 

Experiment 102.— Fuse a piece of platinum through the side 
of a glasus tub<* ; on cooling it will be noticed that the glass does 
not crack. 

Apparatps. — F lat rod of metal about 12 inches long; wooden 
blocks ; Bunsen burner. 

Experiment 103. — Lay tlu* bar across the two wood blocks 
as shown in Fig. 131, Fasten one end of the bar Vy placing 

a vrei^^bn it, and 
under the other end 
of the bar, at right 
angles to the length 
of the rod, place 
a fine nmle ; 
through the eye m » 
the needle pa^ a 
ffne straw (or strip 
of aiuminiutti loill 
to act as a pointer 

-this should be lastaned at right angles to the needle by meana 
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wax. When the bar is heated and expands, it rolls the 
i^eedle. A slight motion of the needle is shown hy a much 
larger distance moved through by the end of the pointer. By 
means of a cardboard scale as sliown the alteration in length can 
he determined. When the bar cools, the pointer moves back to the 
starting-point. If c denote the coefficient of expansion, to find the 
expansion of a square of unit side (1 cm. or 1 inch), (1 + c)- « 
1 4* 2c -p A Now as c is small, c- is very small compared witli 
2c, and may be neglected ; hence the co<*llicient of expansion for a 
t^uare is 2c, or twice the linear 

smali fraction which a unit volume of any material is 
found to expand when raised from O' i\ to 1 ’ is cal]e(l (he 
emffident of cubical expansion, and is (practically) three times the 
’ cmffieient of linear expansion. 

Thus (1 + cf ^ 1 + 3c -h . 

As c is very small, the term c' is very small, and c'^ is smaller 
stall ; hence the two last terms may be neglected, and the coefficient 
fef cubical expansion is 3c, or thrc<‘ times the liricar. 

Apparatus. — Gravesando’s ball and ring; Bunsen burner. 

ExPBRtliENT 104. — To show the exj)ansion of solids when 
lieatis applied, we may take a brass ball (Fig. 132), and a ring 
though which the ball will pass quite easily when 
ring and ball are at the same temperature. If tlu* 
hail be heated by the flame of a Bunsen bui*ner or 
% plunging it into boiling water, it will not pass 
trough the ring, but will rest upon it — showing the 
^i^nsion due to heat If allow tHl to rest iijton 
"ftu ring for a short time, the ball rools and con- 
tiacta, while the ring becomes heat+^d, and therefore 
unlaiges, and the ball readily pa-^M-.s through. 

Appaeati'S. — S heet of tm ; glass flask. 

Expebu^'T 105. — Out of a piece of tinplate cut a hole just 
enough to allow a round -bottomed thin glass flask to pass 
through. If now the fla.sk be tilled with boiling water, it will 
no^ pass through ; but if held in contact with the plate, it will 
piilR through when tlie tw o are at or near the same temperature. 

SUUM.^KY. 

' Ifoat is not a matenal substance. 

StaBBpsatttsxu of a body indtcateM its condition or thmaal state oonKideix4 

isfetenoa to its power to give out car to tfmtm heat from other bodies. 

MkUi of iMat are (1) to cause expauskm, the amotmt varying with 



Fici. UiS. 
Expsattion of a 
metal iwU. 
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different materials (when allowed to cool, the orimnal dimensions are obtained) ; 
(2) to raise the temperature ; or (3) to change the state, such as to convert a 
solid into liquid or liquid into a gas — that is, ice, water, steam. 

Gl(t9$ wm plattmm expand equally. 

The mijfterficial expamiwi of a substance is twice its linear, and the ciibkal 
€xp<mswn is three times its linear expansion. 

Exehcises. , 

1. What is meant by the statement. The coefficient of linear exmnsion 
of copper is *00(X117 ? If a copper i*od is 20 yards long at 0® C., how mucli longer 
will be at 90” C.? 

2. If an iron yard measim^ be correct at the temperature of melting ice, 
what will be its error at the temixrature of lx)iluig water ? 

8. The coefficient of linear ex|>ansion of brass is O’OOOOlO ; what will he 
the volume at 100” C. of a mass of brass the volume of which is 1 cubic decimetre 
at 0" 0. ? 

4. If the mean coefficient of evpansion of water between 0® C. and W® C. 
is *000230, find the weight of water displaced by a brass cube whose side la 
1 cm. in length at 0® C. when the cube and the water are both at 50® C, * 

6. Find the difference in the length of an iron railroad l>etween two places 
400 miles distant (liondon and Edinburgh), in winter and summer, the tem- 
perature difference being 21® C. 

6, A light lath a metre long can turn alxmt a hinge at one end. A piece 
of wire 2 metros long is attached to the lath at a distance of 1 cm. from th^ 
hinge. The wii’o is vertical, and its upi>er end is fixed in such a way that the 
lath is horir.ontal. On heating the wire 50® C. tiie end of the lath sinks through 
16 cm. ; find the coefficient of expansion of the wire. 



CHAPTER XV. 

EXPANSION OF UQUIDS AlH) OASES. 

Expansion of Liquids. 

Apparattis. — Glass flask, tubing, cardboard, and water. Fit the 
^ask with a tight-fitting cork and long glass tube passing through 
it : a scale may be attached by making two slits in the 
«cale, threading the tube tli rough them. The tube must 
pa^ through the cork and project a short distance, so 
that the bottom of the tube is below the surface of the 
liquid in the flask. 

Experiment 106. — Before putting the tube in position, 

All the flask with water to which a little colouring matter 
has been added. Press the cork into the flask until it 
h* fairly tight; the water will rise in the tube— noU'. its 
height. Next plunge the flask into a vessel containing 
wat^ at a temperature of 30'" C. The expansion of the 
glass will cause a momentary sinking of the water in the 
tube, after which the water will rise. When the expan- 
aion ceases, and the column no longer ascends, note the 
reading. Pfo. i.u 

Repeat the experiment when the temperatures are 40*, 

80*, etex, itf each case hoting the heights to which the uquid. 
asoenda Tabulate as follows : — 



T«u)|>emtttre. 


Ueadinff, 




ns 
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Experiment 107. — Pit three corks into the necks of three 
small flasks of equal size, and a narrow glass tube open at both 
ends tightly into each cork. Fill the flasks with mercury, coloured 
water, and methjdated spirit respectively. Push in the corks so 
that the liquid stands at tlie same height in the three tubea Fix 
a paper or cardboard scale Ijehind each, and place all three floSks 
in a convenient vessel. Pour into this sufticient warm water to 
cover the flasks up to the cork.s. The expansion of the glass will 
cause a momentary sinking of the columns, after which expansion 
takes place. When the expansion ceases, and the flasks are all at 
the same temperature, it will bo found that the mercury has risen 
least, the water next, and the methylated spirit most of all. 

Absolute and Apparent Expansion of a Liquid. — In order to 
apply heat to a liquid, it is necessary to place it in a v^sel 6i 
some kind of solid substance ; and when heat is applied, both ves- 
sel and li(|iiid expand. The increase in volume of the liquid (duo 
to expansion of the vosscd and of the enclosed liquid) is observed,^ 
and is called the apparf^rU erpamion of the liquid, the apparent 
amount being evidently less than the actual amount. If the expan- 
sion of the vessel be allowed for, we obtain the real expansion of 
the liquid. 

Expansion of Gases. 

Afpauatfs. — Small flask fitted upside down, as shown in Fig. 
131; a piece of glass tubing passing through a well- 
fitting cork into the flask, and the lower end of the 
tube just below tlie surface of the water in the beaker, 
as shown -the water in the beaker A has a little 
colouring matter added to it. 

Expeiument 108. — Heat the flask B; which may 
be eflect<*d by pouring liot water over it. When 
this is done, bubbles of air will l)e seen in the 
vessel A. Allow the flask to cool, and the water will 
rise in the tul>e ; the height of the column can be not^ 
by the scale attached. The instniment forms a h^irly 
good (k*'rmi}sco/)e. If water colder than the tdt in tlie 
room be pourtnl on the flask, the column will lu^nd ; 
viu \m — Tiw 'warmer, the column will sink. Thus, by means of 

scale attached to the tul>e, and noting the portion 
th« 1 ^ ute^ of the li<|uid column when the air was heated by dif- 
forent bodie^ the instrument may be used to compare 
temmwatures ; hence it is called an air ^mnaometer. ^ 

Instead of the water column, a small column of mercui^ 
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be used. If the flask B be slightly heated, and the open end of 
the1;ube placed in clean mercury, a small column can be enclosed, 
the posiii<m of the column indicating the pressure of the air in the 
flask R JFor any specified temperature difference, a volunn* of air 
expands about 20 times as much as an equal volume of mercury ; 
h^nce the distance between what are called the jired jmnts in an 

ih&rimmeUT would be about 20 times the distance in a mer- 
curial thermometer. 

Equal Expansion of Gases.— In the preceding experiments we 
have found that both solids and liquids (jxpand by heat, and also 
that the expansion for any temperature difference is not tiu; same 
for eitliar different solids or <lilferont li(iuids. 

In the case of gases, for any alteration in temperature the 
Corresponding alteration in volume in practically the same for all 
gases, and is of their volume at 0' C. for each increase 
of F 0. Thus a cubic foot of gas at 0" C. would become 2 
cubic feet at 273** C. 

The relations between volume, pressure, and temperature ar*5 
expr^jsed in laws, and the two important laws uui} b(* referred 
to here i — 

Boyle’s Law.— Z/ic teiiipfratnrf of n gaa Aep/ naiMfatiiy 
the volume u invertitlt/ i^ropoHionai to thi , i)r, pxv^ 

constant 


Gharles’s or Dalton’s Law. — 1/ thf* pirnaarr hp h>pf constant ^ 
volume of a given maun of gae inert hg a dtjinitp amount 
for each degree of rise in temin rahire. 

If t?, and represent the volume of tlie gas at f and tf 


Respectively, then the law may l)e writt<‘n as 



If piVyi^ represent the pressure and volume of a given mass 
of gas at a temperature and the jiressun* and volume at 
j^emther temperature the tiro laws ar<‘ included in 


Pi^i_ m 



At^AIIATns.— Two small flasks, corks, and tubing. 

ExFKailiENT 100. — Two small flasks equal in size are fitted with 
0C»*ki^ and with narrow tubes bent so that they will dip under 
water in a shallow vessel. Fill one flask with air, the other with 
eoal>^a8 ; also fill two equal test tuljes with water, and invert them 
the ends of each tube. 
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Pour warm water into the vessel until the flasks are covered 
up to the corks. Bubbles of gas will rise up the test tube, hnd 
will displace the water. The increase of volume of the coal-gas in 
one flask, and of the air in the other, by the application of heat, is 
vindicated by the amounts of gas collected in the two tubes ; these 
an^ounts will be found, to be equal. If the experiment be repeated, 
uiiilg different gases, such as oxygen, hydrogen, etc., the same result 
wiu be obtained. 

Diffeirential Thermometer. 

Apparatus.— A U-sli|Lped piece of glass tubing connected, as 
shown in Fig. 135, to two bent tubes terminating in globes or 
flasks. The apparatus is easily made by 
bending a straight tube as shown for the^ 
centre, and using two pieces of india-rubber 
tubing to connect to the bent tubes at- 
tacluid to the globes A and B. 

Experiment 110, — The U-tube in the 
centre contains coloured water, fllling each 
limb to a height of about 2 inches. It may 
h& used to ascertain the difference between 
the temperature of a liquid and that of the 
air in the room. Thus, if the liquid is made 
to cover the flask A, then if it be warmer 
than the air, the air contained by A will 
expand, and the column wdll descend on 
the side nearer A and rise on tlie opposite 
side; the converse will take place if the liquid is colder. If .the 
temperature is the same, the column remains at rest, In a similar 
mauuer, the apparatus furnishes an easy method of ascertaining 
any slight difference in the temperature of two liquids. 



Pia. 135.- DUTerenUal air 
' tbemonieter 


Si MMARY, 

UKlulds.— As in case of solids, the effect of heat is to cause ex|iNU»»totu 

the aximnsion varying with different liquids. 

The effect of heat is to increase the volume for the same tempera- 
ture difference. Tlie expansion of a mven volume of gas is more za^ than 
that ol Ml ^uai volume either of a solid or a liquid. 

Bcpsal sspaasloa of Qaaea- 'Gases which are far removed from thdr point 
of liquefaction exiiand of their volume at O' C. for every rise trf V C. 

loyUi^ law.— II the ttmpemhm he constant, the prmwre ol a Mvcn 
quanti^ of gas is mirraiWy imitmiitmal to the 

Oliimara or ]lalto&*a Law. -If the p^tsmrt be constant, a gaa Ip 

qf Iff wtum at If C. when its (emperaiure t$ ratmd t C. ' ‘ 
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Exercises. 

1. between the absolute and the apparent eximnsion of a liquid, 

and show Iha^ the ooefBcient of alisolute expaiialoii la equal to the ^uin of the 
«oe£B€^t id apparent expansion, and of the coefficient of exj-xinsion of the 
vese^. < 

. .2. The apparent coefficient of expansion of mercury in a glass vessel st« 
"000153, fim Table IV . ; the cubical exfmnsion of glass — *0000267 ; . absolute 
coefficient of expansion of mercury — *000153 + '00002<»7 - *00018. 

8. A cubical vessel whose t»dge is 1 foot is made air-tight when the 
btarcnneter stands at 30 inches and the teinperatuio of tlie air is 15’ C. ; if 
the temperature of the air is raised to 00“ C., what is the inciviise of tlie pressure 
df the contained air on each face of the cuIm> ? 

( V.JS.-^The coefficient of expansion is 0*003005, and a cubic incli of mercury 
may be takim to weigh half a pound. ) 

4* A certain quantity of gas is contained in a vessel whase volume is one 
cubic foot and its temperature is 20" C. If in any wav (for exanqile, hv pn*ssing 
dpwn a {ustcm) its volume is changed to 1,000 cubic incheH, aii<l its t<‘injs*ratnre 
raised to 80^ C., find the ratio of the pressure of the gas in its former stale to 
Its pressure in its latter state. 

(AT.Jff.— The coefficient of expansion is 0*003005.) 

8. l!be apfiarent expansion of a liquid when measureil in a glass vessel is 
illOXOSd, and when measured m a vessel of copiM*r is ‘00100.3. Jf the co<*fficient 
of linear expansion of copi>er lie ‘OWWIOO, find that of gla^». 




11 



CHAPTER XVI. 

THEEMOMETEBS. 

Thermometers.— The usual method of comparing temperature 
is by means of thermometers and pyrometers. This enables the 
degree of heat to whicli a body has been raised to be observed, 
but dopi* )wt indicate the quantiiif of heat in the body, ■ When a 
small (juantity t>f water is jdaced in a vessel, and heat applied by 
means of a Bunsen burner, tin* rise of temperature can be noted nt 
the end of e(|ual intervals of time. If a much larger quantity of 
water be subjwted to the same amount of heat, and the temperature 
at the same intervals as before Ik* noted, they will be found not 
to bo equal to those obtained in the first instance, although, roughly, 
the same amount of heat has been given. 

If the contc'iits of two vessels, one containing water at a lower 
temperature than the other, be mixed, mo heat is lost by the miiciny 
of the tivo; but the thermometer will show a gain as compared with 
the previously observed temjKirature of the colder, and a loss as 
compared with the hotter. Hence the thermometer doesHwt indi- 
cate the quantity of heat 

Nearly all bodies expand by heat and contract by cold, and the 
usual method of measuring temperature is by the ex[mnsio» or 
contraction of some liquid. 

In Experiment 107 it lias been found that liquids when heated 
expand ; hy noting the divi.sions on the scale to which the liquid 
rises, a rough kind of thermometer is obtaiiuHl 

To Hake an Alcohol Thermometer. 

ApPARATtra — Thermometer tubing; Bunsen burner; alcohol 
collared with aniline magenta. 

IExpebisekt 111. — ^ften one end of a piece of tubiiig In the 
Bnneen fiame, blow a strong bulb about | inch in diameter on one 
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eiiJ, and allow the tube to cool. To introduce the alcohol, heat 
the hull) carefully over a flame and iiiniierse the open end in the 
coloured alcohol — a small quantity will he introduced ; couneet the 
^end of the tube by a short piece of india-rubber tubing to a glass 
funnel, and place some alcohol in the funnel ; warm the bulb, thus 
^^xpelling some of the air, which escapes in bubbles through the 
alcohol ; remove the flame and cool the bulb, and the alcoliol entei*s 
the tube. 

Boil the alcohol in the bulb until n(‘arly all is boiled away. 
Ihe air is driven out by the va{»our of the alcoliol. Tljen allow to 
cool, and the alcohol enters tiu* bulb and fills it. The range of 
the iihstrunient should be about a distance of 1 inch for a rise in 
tempomture of 10^ Asc(‘rtain by iiiimersion in hot water if this 
is the CJise; if not, another bulb must be pri‘par(‘d, large*** or smalh*r 
as may be refjuired, to u^ivc about this range*. Prepare* an ind(*x of 
a short tliread of black glass of a size which mo\es ea'^dy in tlic 
,tul)e. Immerse tlie thermomet(T in a bath of water a little warmer 
than the highest temperature to be registered. If tin* tiibi* is not 
quite full of liijuid, jnore must be ad<Ied to fill it completely. Seal 
the emi with a small blow-pipe flame, and afttu* r(*mo\ing from the 
bath complete the sealing, making the (*nd as strong as possible. 
Mark the freezing-point as shown in Fig. 1 d7. Immerst* tlie alcohol 
thermometer, together witli a mercurial thermometer, in a hath of 
water sufficiently warm to bring the alcohol nearly to tin* end of 
tha tube. Make a s(‘ries of eqiii*listant marks on the tube, the 
distance between them about Inilf an inch. As the \\at(*r cools, 
l^a*l the temperatures at the in‘>tant the Injuid passes eacli 
niark. On a sheet of s<juared paper jdot a serie.s of jxiints to 
l^preserft the temperatures corresp<>nding to the marks. l)m\v*a 
curve evenly through tin* points to correct errors of ohs<*i \ atiou, 
Und transfer the scale to the piece of papi*r pastetl on the hoard to 
which the thertnomet(*r is to he attached. It will Ihj fotjiid that 
the distances corresponding to one degri*e are greabu* the higher 
the temperature. 

In thermometers the liquid commonly us(*cl is merntri/; its 
(Special advantages for this pur|>osc are as follows 

1. It remains liquid through a king range (»f tem}x*rature. 
Ita freezing-point is aliout - 40 C., ami lU hoiling-jioint 350 C. 

2. Its constant rate of expansion. 

3. Its low specific heat. It therefort^ takes little heat from the 
body tested; which allows very slight changes in temperature to 
he regii^teml. 
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4. It is a good conductor of heat, thus readily acquiring the 
temperature of a body. 

5. It is opaque, so that the motion of the column can easily be 
followed. 

6. It does not wet the glass or cling to it, but moves easily and 
rapidly along the tube ; by this means changes in the height can 
bo quickly and accurately read off. 

When tlie temperatures are low, alcohol is used instead of 
mercury. Alcohol does not freeze until the temperature is re- 
duced to about - ISO® 0., and it is in consequence suitable for 
such purposes. For very high temperatures metal .(platinunt) 
is used. 


Fixed Points of a Thermometer. — Two thermometer tubes are 
shown in Fig. 136, formed by blowing a bulb at the end of a* 
capillary tube, or a tube with a fine bore. The mercury 

I cannot be poured into the bulb, but by gently heating 
some of the air is expelled ; and if the oj)en end be placed 
under mercury, a little will be drawn up the tuixi as the 
tube cools: in this manner, by alternately heqting and 
cooling, the tube and bulb can be filled with mercury. 
When full, the end of the tube is sealed at a temperature 
higher than tin* thermoineb*r is intended to register ; the 
instrument is now put aside for some time, before what 
are known as the Jixed jjolnfs are njarked. 

The bulb wh(‘u formed does not contract att onccvto 
the filial dimension, but shrinkage goes on gradually for 
some time after being made ; hence good thermometer 
A k tubes when made are laid aside for a considerable period 
* before being filled. 

Fio. m What are called the fixed points of a * i a 

thermometer are the fireezing and boiling y 

}>oints of winter. Thus the temperature B 

at which ice melts or water freezes is found to 
be always the same at the same pressures, and at '3 

normal pressure the tempt^rature of steam from || 

boiling water is also constant 

Froexillg'Fcdnt. — The thermometer js inserted iTfg' 

into a vessel containing lumps of (pure) melting ice / BWiB 1 
{Fig. 137), and allowed to reinain until the column / hZJP ** / 
of tntveory eventually comestoreat; theexact height 
of the column is then marked by a scratch on the 
tube at point the^meroury stan<k. 
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BoDilllg-PoiRt. — This is obtained by placing the thermoineter 
in steam given off by water boiling under the standard aimoa- 
pAmc premire, the height of the mercury column being marked 
by a scratch on the glass as before. 

Chradnating a Thermometer. — For comparison of observations 
and experiments some definite value must be attached to the two 
fixed points, and the stem of the instrument must be graduated. 
These graduations are called degrees. 

In ths Fahrenheit thermometer the freezing-point is marked 
32^ The interval between the freezing and boiliiig 
points is divided into 180 equal parts or degrees. 

Ill the Centigrade thermometer the freezing-point 
^ is marked 0®, and the interval betw(‘en the fixed 
points is divided into 100 equal parts; hence boiling- 
point is marked 100“. 

In the Edanmur the freezing-point is marked 0® 

, and the boiiingqwint S0\ 

The Fahrenheit and Centigrade are the two 
usually used/ and readings are indicated by tlu* addi- 
tion of FI or C. to the reading — thus, 32“ F. or 0" 0. 

The three thermometers are shown in Fig. 138. 

The Centigrade is usually adopted for scientific 
purposes. 

To indicate temperatures below freezing-point on f. v. v. 
the Cent%rade thermometer, a minus sign is prefixed. j:;». 

Thus -- 8® C. would indicate 8 degrees below freezing- (vnt?JSe!*i'od 
point on the Centigrade scale. Reaumur tber- 

If the number of degrees indicating the two fixtd tnon»eteni. 
points fe the three systems lx* carefully rememl>ered, it is easy. to 
convert ^py temperature reading from one scale to any other. 

Ai wm be seen from Fig. 138, the reading 100’ C. ^ 180* F. -f 32 ; thun. - 
W" F. = 5 (98 - 32) = 363’' C. 

To convert ftt»n the Fahrenheit to the Centigrade »cale, subtract 32 from 
tile feodlxg and multiply by g* 

AhoBirC. = ^S0 X II +32 = 122 ' K. 

To^oonvert ficom the Ccaitigrade to the Fahrenlieit acale, mnltirix W 

It most he noticed that the so^lled fixed pointe are fixed only 
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in the sense that the conditions under which they were obtained 
are always complied with. Thus a reduction of the standard 
atmospheric pressure would lower the temperature at which boilinir 
occurs ; for example, it is found that the boiling-point is lowered 
1 C. for every 1,000 feet of ascent. Therefore at a height of 
/ijOOO feet abo\<* the sea-level the boiling-point would be 95° 
approximately. 

Appaiiatus. — B ound-bottomed 4-oz. flask; Bunsen burner; 
retort stand ; beaker. 

Expkuimkxt 1 rj. — Boil wat(‘r in the flask, and, when all the air 
Is expelled, cork. Invert the flask (Fig. 139), and allow it to cool 

for a short time. The water vapour 
which mainly tilled the space abo\e^ 
the water condenst‘s, and the pressure* 
upon th(‘ water diminishes. If now 
water b(5 poured on the top, as shown, 
the water will boil under the reduced . 
pr(‘ssur(‘. 

A similar result can be observed 
if the flask which contains the wah*r 
bo placed uncorked under the receiver 
of an air-pump. If the air be quickly 
withdrawn, and therefore the pressure 
reduced, bubbles of steam b^n to 
form, and ebullition occurs.’^ 

When water containing any chemi- 
cal cotnpound is lowered sufliciently 
in teinp(*rature so that ice is formed, 
a thermometer placed in the water 
will not indicate 0° C.,. bi^ a lower 
ria. m-BoniD«-point under temperature; hence tlie importance 

reduc^ preesure Using clean ice in flxing the 

fi'eestingq>oint of a thermometer, ' ' . ^ ^ 

Experiment 113. — Mix some common salt with water ^ndjee ; 
insert a thermometer, and not«* that tlie temjKTature falls Imlaw.O^C. 

Experiment* — In the preceding ex})erimeiits it been 
foitnd that both aolids and liquids expand when heated, but water 
at the temperature 0’ C. is found to contract when heated» until 
the t^iiperature reaches 4“ C., when it bf^ns to expantib £(enoe 
water is said to have its maxiinnm density at 4* C* . * 

Hope’s apparatus consists of a metal cylinder, with a trough*- 
shaped cavity at the centre in Vhich a freezing mixtnro.llan be 
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placed (Fig. 140). Thermometers are inserted 
and B. By these the temperature of tlie water 
at the top and bottom of the cylinder can be 
ascertained. 

Experiment 114.— The vessel is filled with 
w'ater cooled down to about S'* (\, and a freez- 
ing niixture placed in the trough T ; the effect 
of the freezing mixture is to cause the lower 
thermometer to fall until it registers 4*" C., 
the upper one being scarcely affected . When 
the lowrer thermometer registers 4° C., the 
upper one begins to fall, and continues to do 


, as sliowni at A 



Vui ijn 


so until a temperature 0“ C. is reached. The iiope'o experiment, 
lower thermometer does not fall to 0", but stops at 4 ; thus the w'^ater 
at 0** is lighter thatx the w ater at 4’’, and floats upon its surface. 

Enter all the particulars of the experiment in your note-book, 
and also any conclusions you are able to draw’ from it. 


Summary. 

Taenaotneteni and Pyrometers an* tisinl m c(>rni»arir»g anti nu‘aHiiiing teni- 
pemtures. 

Mercury chiefly used in thermometers for all ordinary temperatures. 

Advantages due to using Mercury. - Remains litjuid through a long range 
tH temp^^ture. Its low s[}ecific heat. A gotsl eomluctor of heat, lioes not 
wet or clitigto the glass. It is oi«M^iue, and can re.'idilv he seen. 

nxed PolntB.— The W/m// and/m-i ftff jx)ints of attT under normal pressure 
art* taken ip fixed points. The distance Udween the fixed iK)mts is di vulcxl into 
a scale <hp number of equal ]iarts or divivicuis. 

Centigrade Scala— Fn-ezmg jxnnt, 0“ C . ; l>oiling }>oint, 100" C. 

' JWupenlieit Scale.— Freesring-ix»int, 32 F. : h<»dingq)Oint, 212' F 
: MaitmuTn Density of Water is at a t»*miH‘iature of 4" C. 

> Change of Fressura— The Ixiilmgqiomt is the t<*mjx*raturp of steam under a 
acetuai ptc|^ure ; it is loiecred by ilimnuuhtui/ the prcisure^ and ramti M'heu*ti»e 
pfttmre i$ ineyeased, 

^ Exercises. 

. 1. the Centigrade temperatures corr#«‘iKmding to the following Fahnen* 
mt temi^tiires— 374 , 320 , 71 00 , 23 , 14 . 

.2. Find the Fahrenheit teinimratures corresjKmding to th*» foUou irtg Ciniti' 
glade temperattn^-260 , 242% 20(f, lOiu, 121% - 1 , 7 . 

fcrmometer is graduated w» that it rejwls lo in melting icf» and fiO*' in 
Sormal stten. Convert mto Centigrade d<*gr»*es the readings 20' and tKf* taken 
OU the thermometer. 

4* A temperature is 2(r on the Fahrenheit iwale ; what is it on the Centtgmde 

•eale? . ; 

5. HTow is a mereririal thermometer g^uat«sr] ? 

‘ If you add 32 to the sum of the readings on the Ouitigrade and Kf^umur 
show that you invariably arrive at the muling on the P'ahrenbeit 

. d. Hxplniii <>xactly the nature of boilii^. Is it possible to make hikewam 
wmcsrhoU without beuting it ; and if so, bou'f 





CHAPTER XVIL 

SPEOIFIG HEAT- CHANGE OF STATE. 

Specific Heat< — That the amount of heat required when equal 
weights^ or equal volumes of dilierent substances are heated 
through equal intervals of temperature is different, can be shown 
by the following experiment, 

Appauatl’S, — A few metal balls, of iron, lead, and copper; 
a cake of beeswax about J inch in thickness, supported either by 
a retort stand or by a wire frann*, as shown in Fig. 133, 

Expkrimknt Ho. — Heat the balls to about 150* C. in the 
oil-bath, and drop them simultaneously on to the wax by 
means of a small wire frame, W (Fig. 141). It 
will be fouml that the iron quickly melts its way 
tlirough tlie wax, the copper takes a longer time, 
while the leatl only |>enetrates a short distance 
into it The lead ball is heavier than the iron, 
but does not get through as quickly as the Iron ; 
henct^ the iron gives out mor§ heat in coding 
than the h'ad ; or, the capacity for heat is greatest 
in the iron, is less in the copper, and is least in 
the lead. If tin, bismuth, etc., had beiai used, 
.similar results would have been obtained. Thus 
every substance has a distinct specific hmt^ \^k!i 
is measured by the qiiaiUity or nutnb&r ^ tmUe 
of /leol required to raise (he temperature of unit n^tltse of the sttfr* 
etarm through r C> 

(It should be boted that the result obtained is only airou|^ 
approximation. The conductivity of the metals affects the 
at which the balls pass through iht* wax, also the fiia»^ are 
different, and therdore the memk do ti<^ always d^p tbroi^ In 
the orto of their heats.) 
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Capacity for Heat or Thermal Capacity of a Substance.— 

Every substance has a distinct specific heat S, and the product 
of the specific h^t and the mass is called the thermal capacity, 
Hence^ if the^pecific heat of a body of mass M be denoted by 
S, the capacity /or h^at is MS. 



. Specific Heat of Lead. 

AppaHATUS. — Into the cork fitting the neck of a flask a test 
tube, ty is inserted (Fig. 142) ; also a piece of bent tube S, through 
which steam can escape. Bunsen burner, retort stand, lead shot, 
beaker, and thermometer. 

Experiment 116. — Weigh into a beaker a 
quantity of water having a temperature Tg, and 
a weight W^. Also place a known weiglit of 
lead shot, W^, into the test tube L Heat the 
lead to the temperature of the steam (100“ C.) ; 

• this is easily done by boiling the water for 
some time {about a quart<^r of an hour). Put 
the hot lead into the beaker, and gently stirring 
the water wdth the thermometer, ascertain its 
teii^rature, Tg. The lead has cooled from 100“ 
to Tj, and the water has increased in t(*inpra- 
ture 6rom to T.^. Hence if »S denote the 
specific heat of lead, then 

W,(T, -T,) 

W,(l00“-t3)* 

To prevent loss of heat by conduction and ratliation, the beaker 
may be put into a larger one, and the space between the two 
lined with cotton wool. 

100 grams of lead shot are heated U» 100 C., and the lead i« 
^len put mtu a beadter containing 100 grama of water at a U 14* C. : 

the lesotebig tempenttnvie is found to be lO'O* C. ; Hud the si>eciDC heat of thu 

had. 

^ The htdha. cooled from lOGP to lG-5* (100”- 

If S dcaiote Uie ipticific heat of the lead, then heat given <mi by Jcaa 
Bat the beat given oat by the ha#* raised the tern* 
FwnMtew ol 100 gtama of water frc«ii 14" to 10*5% or 2‘Tr ; 

8 X iOO X 83 :» 100 A 

S ^ - *020. 

8360 


Flo, 142.- S|ieciflc 
heat of lead. 


wif«^ also 


t the cxporiinent, using short pieces of cop|icr and iron 
mercury, etc. In each case the heat abstracted by Uie 
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beaker, thermometer, etc., has been neglected, and the results ob- 
tained are only approximate. The beat abstracted by the beak(T 
or calorimeter in tliis and the following experiments may be 
estimated as shown in the example on page 174. ^ 

Enter carefully the results in your note-book, and afterwards 
compare with Table V. ^ • 

Tafjlk V. 


Material 

» 1 

Material. 

1 ^ 

Lead... 

0-03 

Mercury 

•033 

Copiw'r. 

•0()5 1 

Tin ‘ 

•a-se 

Iron... 

*114 

Zinc.. . 

•006 

GlaHS. 1 

*2 

Ice. . 

•5 


Specific Heat of Glass. 

Appauatus. — Beaker; a quantity of finely-broken glass. 

Expehimknt 11 7.™ Weigh a beaker nearly filled with finely-* 
broken glass. Prepare some hot water at a known temj^eraturt*, 
Pour the hot water into the beak(*rand note the temperature, 
stirring gently with the thermometer ; let the resulting tempera- 
ture he T 3 . Tabulate as follows : — 

W.^ — Weight of glass at temperature T^ 

\Vq =-. Weight of water at temperature T^^. 

Ilesulting temperature = T^. 

Then heat gained by glass — heat lost by water ; 

or, weight of glass x specific heat x rise in temperature 

= weight of water added x fall in temperature. 
/, specific heat x W 2 (T 3 - Tg) — W(^(T^> - T 3 ). 

specific heat « . 

The specific heat is found to be almut *2. 

Change of State — ^Fusion. — ^The x>receding experiments have 
shown that in gtnieral the application of heat to a solid eaus^ a 
ri^ in its temjHjrature and an increase in 8 ir.e, In the case of 
nearly all solids, if the teni|>eratui-c W raised sulliciently, they 
are found to dmnge from a solid to a liquhi state. Thia riusmge 
is trailed /inriVn, and the temperature at which it occurs h call^ 
the mdiinff pfdnt. When the solid begins to melt, the tempem^ 
tore does not alter untiiy«.rioir* is complete ; but when coiii{i|^ly 
melted, the temperature again rises on the further applicimm of 
heat* “ ' ^ 
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Change of State — Melting-Point. 

Afpakatus. — Small flask ; ice ; tubing. 

Experiment 118. — Fill a flask with pounded ice and 
water (Fig. 143). Through a well-fitting cork a straight 
tu*be is inserted, and the cork pushed in until the liquid 
stands a certain height in the tube. The height can be 
read off by the scale attaclied. Apply h(‘at to the flask 
(which may be done by putting the flask in a vessel of 
lukewarm water, or by using a Bunsen burner turned 
low). As the ice melts, the height of the liquid in the 
tube will bt^come less. This contraction will be followed 
by expansion after a temperature of 4° has been reached, 
if the supply of heat be maintained. 



Fl«. 143 
Kximufeiion 
of water on 
freezing. 


Melting-Point of Beeswax. 


Apparatus. — Glass tubing ; beeswax. 

Experiment 119, — Draw out a })ieee of glass tubing or a 
t<est tube into a fine tube by the blowpipe. (’lit off a piece 
3 or 3 inches long, and seal up one end in the flauK‘. A few 
pieces of wax are in.serted, and the tiib<‘ ti<‘d tf) a the*rinoineter 
in such a manner that the wax is near the bulb of the thenno- 
ineter. The two are now in.serted in a beaker f>f v\ater and heat 


is applied gradually; then the tern pi I'a hire at which tlio first 
drop runs down the tube can be observed ; or the lube previously 


opaque with the solid wax becomes tran.sparent when the wax 
melts, and the temperature at which this occurs is noted. The 
water i$ now allowed to cool, and the temperature at which the 
wax sclidifies and the tube again Ijecomes opaque is observ^^d. 
Hie mean of the two readings wdll give the meUiiuj-} oivt rf*quired. 


, Meltmg'Point of Paraffin. 

Experiment: 120. — Fill a short Jengtli of glass tuls* of small 
bore with melted |wiraflin, and when cold cut off a piwe about 
an inch long and tie it to the bulb of a sensitive tlnTmouieter. 
Immerse the tulje and thermometer in a Ixsaker cohl wati^r. 
By means of a small lamp or Bunsen flame gradually warm tlie 
md note the temperature when the jianiflin k just ineltf'd. 
Allow tlie water to cool, mul observe tl»e teinjierature at which 
Ibo paraffin. solidifies. The mean of the two readings will be the 
mdlAng^poitit of paraffin (about 50** C.). 
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Latent Heat. 

APPABATua — Beaker, retort stand, Bunsen burner, ice, and 
a thermometer. 

Experiment 121. — Put some pounded clean ice in a beaker 
and insert a thermometer. Place the beaker on a retort stand, 
and apply heat gradually by means of a Bunsen burner turned 
low. As the ice gradually melts, watch the thermometer. It will 
be found that the temperature does not rise, but remains at O'* C. 
so long as any ice is ])resent. When aH the ice is converted 
into water, the thermometer will indicate a rise in temperature, 
and will continue to do so until the temperature reaches 100“ C., 
when the water wdll boil and steam will be formed. The 
thermometer will not indicate any further rise, although the 
supply of heat is maintained. 

The heat appli<id to change the icc into water and the water 
into steam, and which is not indicated by the thermometer, is , 
called latent heat. Thus the latent heat of water is the number 
of units of heat retpiired to convert 1 gram (or 1 lb.) of ice at 
O'* C. into water at the same temperature. 

Apparatus. — Beaker ; ice ; Bunsen burner. 

Experiment 122. — The beaker may, in order to prevent 
excessive loss by radiation and conduction, be enclosed in a 
larger one, and the space l)etween the two lined with cotton wool. 
Weigh tlm beaker or l)eakers, and run in w'ater weight 
and temjwrature T^. r. 

Weigh out n grains of ice. Tliis should be dried as quickly 
as possible with a duster or with blotting-paper. Put the ice 
in the beaker and again weigh ; the increase in weight will give 
the weight of ice added. When the ice is all > converted into 
water, the^esulting temperature, T,, is noted. ^ 

Then if a? denote the latent heat of w^ater, flbber of 

unil^ of heat nnjuired to convert n grams of ice Inio Water at 0”C. 

Also is the number required to raise n ^grams of watm* 
from 0“ to Tg. 

Total heat gained by ice == nx + «Tg. 

Heat lost by water «= W^^Tg ~ T^) ; and aasoming these equal, 
then m -h «Tg «= W 2 (Tg - Tg), from which x is ^ily founds ^ 

IXAUrus.— Into a hmker containing 200 gmina of watu^ at #*C. dOgrsla* 
of toe are piaosd. When all the toe is melt^ ilte Umpismm la 

found to be IS^O. ; find ^ latent of water. ^ 

. Lta m denola the latent heat ; then OOr unita of heat aie requiied'lbo eon* 

veft the ioa into water at ^ 
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Also 60 X 13 = 780 units from 0® to 13®. 

But the water loses 200 (40 - 13) = 5400. 

780 = 6400. 

^ 5400 - 780 462 

* = 60 — = «- 

= 77 units. 


• Tliere are many sources of error in the experiment, and the 
value. obtained is too small: thus the radiation of heat from the 
beaker and the heat given up by it in cooling from 40*" to 13®, 

^ t<^*t}ier with any water carried into the beaker with the ice — 
all these make cc too small. 

The exact value obtained by the most careful experiment 
for the iatent heat of water^ or the amount of heat required to 
convert unit mass (1 gm. or 1 lb.) of ice at 0“ 0. into water at 
the same temperature, is 79 units. In a similar manner, when 
water freezes there are 79 units of h(‘at given up by every unit 
mass. During this sol id ideation the volume is iiicreabed, but the 
.temperature is unaltered. 

Appaeatus. — Glas.s tubing ; beaker; freezing mixture. 

Experiment 123. — Blow' a bulb on one end of a glass tube 
and draw the other end out to a tine }»oint Fill the tube and 
bulb with w’ater, and seal up the end of the tube. Place the bulb 
in a freezing mixture of ice and salt. The water in tlje bulb 
will be converted into ice, but owing to the exi>ansion of the ice 
the bulb will be broken. 

Experiment 124. — Dissolve some common salt in a beaker, 
and carefully note that the thermometer 
during the operation indicate that tlic water 
becomes colder, owing to the heat wliich is 
required for solution being taken from the 
water. 

"When comn|on salt and ice or snow are 
used tollbrm a freezing mixture, as both 
^materials are solids then? is a supply of 
hM demanded to change their state ; hence 
tim tenperature falls below 0 C. 

%Mmt Heat of Steam. 

ApPARAtua — tin or glass flask in 
whldh^ steam caf be generated, called a 
a fuece of glass tubing Wnt 
twice right angles as shown in Fig. 144, one end of which Is 
Itiwted in a piece of straight ta^ the other passing through a 



Fio. 144. --To iMcertato Ui« 
Isteni imi of »Us«m. 
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tightly-fitting cork in the flask. A straight piece of tubing t passes 
through a cork at the lower end of the larger tube T, and projectiii*^ 
some little distance into the tube as shown, prevents water fnnu 
passing into the beakeir with the steam. 

ExPERiMFiNT 125. — Having ascertained the weight of tjie 
beaker, a known quantity of water of weight is placed in 
the beaker, and its temperature, Tj, noted. Steam is passed into 
the water, raising its temperature to T.,. Let W, denote the 
increase in the weight (or weight of condensed steam), which is 
obtained by weighing beaker and contents after condensation. If 
W,, denote the weight of the beaker, the heat required to raise the 
temperature of the beaker from to L, = W^, x •2(T^ - Td, 
since the specific heat of glass is *2. 

Heat units given to water — W^(T 2 - T,). 

/. Heat units given to water and beaker - (W,^ + •2W,,)(Tjj-- T,). 

Each gram of con<h*nsed 8t(*am has givtni up its latent heat. « 
L, and the temperature has fallen from 100"* to T , ; neglecting 
losses by ra<Uation, etc. 

Heat gained by th(‘ water and beaker — heat lost by the steam. 
(W. + *2W,)(T., - 1\) W.[L + (lUO - T.)} 

L, from this, is found to be nearly 536 ; or, unit mass (I gni. 
or 1 lb.) of steam, in ootnhmsing to uater at the same temperature, 
gives out 536 units of heat. 

As in the case of finding the latent heat ot'Vf^ter, there are 
several s<»uroes of error in the ex|>eriment — thus the losses by 
radiation and conduction have Imm neglected, also any 
carried over by the steam — and all combine to make the value 
of *L ftmafl. 

lie|>eat the experiment, altering the freight the water* 

'!Pabulate as follows : v, 


Weij^ht of l>pak«»r 

W*‘U!rht of beaker and wat»*r 

Tenuioratvite of water in i*team . 

IVttijierature of water aft»T fiaiiaing in «steam . . 
Weipit of sfteam coudenstnl .. 



BxAltFLa--'*Steafn » fmmA into a beaker eontaintng IW gnxm ^ wmler 
at a of IT C., the water betnfr rabed from XT to 44% or 

ST O. incfeane in weight i» ftoid to be 0 grain% th© weight of the^ 

bealeer ao grama: Find tb» lafewf Aral ^ fie ideoai, “ . . 
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Weight of beaker = 30 grams. 

Weight of beaker and water = 220 grams. 
Teini)eratiire of water before = 17°. 

Tempemtnre of water after = 44®. 

Weight of steam condensed = 9 grams. 

Heat given to water = 190(44 - 17) = liK) x 27 - 5130. 
Heat given to beaker = 30 x *2 x 27 = 162. 

Heat given up by steam = 9(L + 100 - 44) — OL + 501. 

5130 + 162-^4 = 9L. 

... L = 17|? = 532. 

(The accurate vahie of L is 536.) 


SUMMABY. 

Capacity for Heat.— Different substances liave in general unwjiial caiia* 
cities for heat. 

Quantity of Heat. — When ecpial masM*H of different sulxstances aie heated 
or ctxiled through the same range of ttmiiKuatuu*, the (piantities of heat 
alisorixxl or given out are in general <hff<'rent. 

• Specific Heat.— The siM*cific heat of anv substance i« the ((piantity, or) 
luunljer of units of heat required to raise the tenn>erature of unit niass (1 gntiii) 
through 1® C. 

Change of State.--At certain definite t« mperatures many solids aie found 
to change into liquids; also li(|Uidsare found to change into gases under similar 
Coiiditiona. Change of state is called and after fusum Ijcgms no ehange 
of tenip(>>rattm^ occurs until fusion is coinplet**. 

latent Heat.— The amount of heat required to change the state of a 
body, and which is not indicated bv a thermometer— that is, vTlthout changing 
it! temperature— i8 called latent heat. 

Exercises. 

1. If 1 lb, of boiling water mixed uitli 3 ll>8. of iee told ineKuiry, 
what will be the temi>erature of the iinxturt^'' 

2. 50C ipuns of metal are heatetl to 1)9 r> C\ and placed in irip grams of 

water at 1^ C. : the temiierature rises 23 5 C. ; find tin s}«“cific lu'at of the 
metal. . 

3. If 125 grams of a sidwtance vbich has In'cn luaU'd to 14o C J«*e 
dropped into 193 grams of water contauied in an iron cak^rinit l« r which 
weighs 03 grams, the teTn|«i*rature of the wat**r rises from IT) C. to 2U C. ; if 
the specific heat of iron is wliat is the s|jccific heat of the sul«stanf** ’ 

4. The specific heat of leati is 0-031, and it^ latent heat 5*07 ; find the 

of heat neoeimarj- to raise 15 llw. of leiwi f»om a teiiiisTature of 115® C. 
lo its melting- tx>iiit, C., and to melt it, 

, 5w JExidain what is meant hv the stat<*ment that the latent heat of water 
i«79. 

If 1C grams of ice at the fr«F*ejimg-pobit lie jHit into 100 grattiK of water 
«t 10® CX, w*Jhat will be the tcmiijemture whem all the ice ha« melt<*d T 

6w' 200 gnuna of ice are idaxy^l in 100 grams of w ater at C. j the 
lemperatm falls to 70® ; find the laOmt heat of 

7. *nj« weight ol water in a ixsiker is 7.00*J grains at a temperaturf^ 65 I* , ; 
uleiHBft is iMsaed in until the tem|»**ratoit* iiecf>mes F. ; the increase in 
W^gfat is found to be 416 grains : find the laient k<at of ateaui 



CHAPTER XVIII. 

TRANSMISSION OF HEAT; CONDUCTION— 
CONVECTION— RADIATION. 

Transmiiwioii of Heat. — Heat is transmitted by three processes, 
called conduction, convection, and radiation. 

Conduction — Solids. 

Apparatus. — Wires 3 or 4 inches long, copper, brass, iron, and 
platinum ; also glass tube and splinters of wood. 

Experimbnt X26. — If the end of the copper or brass wire be 
held in the Bunsen flame for a very short time, it becomes too 
hot to holil ; a piece of iron can be held for a longer time, a 
piece of glass longer Uian the iron ; a splinter pf wood can be 
held until the flame burns the wood almost close to the fingers — - 
showing tlie diUVrence which exists in different iGK>lids for con- 
ducting heat. 

Apparatus. — A piece of brass tubing, almut 2 or ,3 inches long, 
has a puKje of wood fitted into it so as to form a round rod, Iwif 
wood, half brass, about 3 or 4 inches long. 

Experiment 127. — Wrap a phnie of paper t^nd the rod and 
Ijold it for some time in a' Bunsen flame ; the |^per round 
brass will not lie scorched readily, but the portion round the 
wood is burnt, Tlie bnuAs being a good conductor of heati the 
heat from the flame is carried rapidly away; but when wrapped 
round the wootl, which is a bad conductor, p^>er is sotnfdbed. 

Apparatus. — Ingenhauss apparatus. 

Bxpkrimekt 128. — We may compare the thermal condtktivity 
of metal and oilier rods l>y the Ingenhausa metltod. 

The ap|iaratu8 consists of a metal trmo^h having a numlper of 
small tulm Jn one mde, into which, fixed in wi^ omrh% rods of 
diflbnent materials can be placed. (Fig. 145.^ 
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The rods are of equal lengths, about 10 or 12 cm., and 4 or 5 
mm. dipoeter, and project equal dis- 
taiices ^into the trougb. They are 
evenly coated witlf a covering of wax. 

The trough is then filled with boiling 
wAter, and the melting of the wax 
shows th^ progress of the heat along 
the rods. When there is no further Fio. us . 

sign of melting, the distance to which ingenhausz apparatus, 

the melting extends represents the conductivity. 

Make, if possible, two or three trials, and tabulate the re- 
sults. 



Apparatus.— T wo strips or bars of the same size, and of iron 
and copper respectively. 

Experiment 129. — Small \vooden balls, as show'n,in Fig. 146, 



Fro, I4S. —Experiment to »how the conduct! vitivn of iron and coiJper 
aire attached to the strips by means of wa.\, ^\ht*n fixetl end to end 
an idiown • or better, riveted to a cross-piece (the cross-piece being 
heated), and a fiame placed underneath. The balls are found to 
&il away from the copper much more rapidly than from the iron. 

ExperIHent 130. — If a piece of gauze b(j held over a gas 
burner when the i.s turned on, the gas may be ignitet), and 
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wiil burn above the gauze (as shown at A, Fig. 147),*but does not 
catch fire underneath. The gauze being a good conductor of lieat, 
rapidly conveys the heat away from the portion where 
the flame is, and thus the gas underneath is not ignitc'd 
If the gauze be lowered on to the flame, the flann* 
appears to be pressed down )>y it as shown at B, ati<l 
does not light above it until the gauze has become 
heated to whiteness. 

Davy Safety Lamp. — This simple principle is u*^e^ 
fully (‘Uiployed in the Drw^ »ofefy lamp (Fig. 148). 
The gauze is a good conductor of heat, and the h(*at 
from the lamp flame is diffused over the wdiole extent 
of the gauze, being so reduced in heating power as to 
be unable to .set fire to any explosive fnixture, such as 
“fire-damp,” which may surround the surface of the 
lamp. 

Conduction Liquids. 



Apparatus. — A long test tube, water, piece of ice, and Bunsen 
burn(»r. 

Experiment 1 31.- -Put the piece of ice at the bottom of the 
test tulnj ; the ice must iKi fastened to a piece of lead, to prevent 
it rising when water is added above. Fasten the tube in an 
inclimsl position by means of a retort stand. Boil the water in 
the upper part of the tube by means of the Bunsen flame, ami 
note that the ice does not melt. The expt^rirnent will show that it 
takes a comparatively long time for the icc to melt ; hence water 
is a bad conductor of heat. It will be found that all liquids, with 
the exception of nierc’urv, are bad conductors. 


Oonduction— Gases. 

Experimen%|32. — Place a little powdered lime ih one hand 
Place on this tlif |)oint of a phw of iron, such as a pokin', heated 
to redness, There is a goo<l deal of air present with the lime, and 
as lime is a bad conductor, if any heat is felt hy the liand when a 
hoi poker is made to n^st on the lime, it must be eondud;0d to tiie 
hand by the air. It will be found that heat does hot travel to the 
hand ; hence air vi a Injd condm'tor. This may also be idiown if 
a poker l»e made reddiot, and the shadow whidhdt imtson a wall 
or screen be ol^rved. Tlie wavy motion due to tlie heated air 
suiTOonding is only diaE^nd^e close to tlie ^adow ; hence air is a 
bad conductor. 
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Convection. 

Experiment 133.— Heat over a small Bun- 
gen flame or a lamp (as shown in Fig. 149) a 
round-bottomed flask full of water, and drop 
into the water some colouring matter, such as 
crystals of magenta dye, or aniline dye. The 
heated water, as shown by the arrows, ascends, 
and the colder water froin the sides rushes in 
to fill the place. These convection currents 
are easily observed by the inoviunents of the 
colouring matter referred to. 

ThesyRtem of heating building'? by hot-wntor }>iiw‘R 
affords an'^excelleut illustration of all tho tl»n‘o i)roc<‘SM*s 
of conduHion, vonvitition, and radmtum, Tho system (’onvection current«. 
conaista of a boiler situated generally at or near tli«‘ baxst*- 
mentof a building. A set of pnien passes from the tep of the iKuler, througli 
the various rooms to W heated, and back again U) th(‘ of tlie lH>dei. 

The \%'ater atwve the furnace in the lH>iier, l>eing heated by (‘imduction, is 
eauswi to expand, and thus lacomes lighter (bulk for lailk) than >\heu ituas 
at a lower temjierature ; it therefore rihes up the pij>t* leading from the top of 
the Ijoiler, its pkice lieing taken bv the cokler watt-r entering the piis* at the 
bittom of the boiler. This in turn i-* heated, and rist**>. As the lait water 
eireulates tlirough the pii»e8, it coniinnnii‘at<‘M mo».r of it-< heat to tiie pifies t-y 
eonduction, and these in turn radiate the heat in all dirt'ctious, heating the air 
by r^vtciitm and radiation. 


Si MU \nv. 

TrAttSinlsaioil of Heat. ‘ Heat i^ tranMnitted by tin* tlin*e prooesw M td ton- 
ritdiatio . , 

Candu^ion is the name givcm to the jmssing of heat from j»artich‘ to jHirticle 

iff a body. ^ . i • i 

Sotidinfo often dividivl into g«»<Ml and l«id londuetors. Metals aregiwuj 
CcmductcHTii; wool, sand, luiry, flannel, nrv Iwid conductors. 

Idqviidi anil are in general Kad conductorK, In the /Viijy mUiu /«wp, 
flic metal ffauxe being a g<Kxl wiiductor, ipnckh cariM'»» heat away from any 

Exeiuihes. 

1. A layer of oil six inches di^.p fl.ats on of the same dmrth. 

Describ® the movements of the liquids w hen the w ater is gently heaWl mmi 
below 

Z ttm bulb of a delicate* thermometer i« tmmer-,»sl at a slight d^»th Isdow 
itiifaoa of vratiT. The up|s*r surface of the water is h<«n*(l, and the tner- 
i« hardly affi^ctt'd. fbi ln»atmg the w ater f rom lx h av, tlie 
ifiaws an imm^iate nse of tcmiie-n*t«re. Explain two results. 

a Whs is a bhick of ice ho •dow in melliiig men itt a warm ’ >> 
mNi llta clrc^mstaiiocs W'bich regulate the ratt* of evajK/iatioii of a ifqtiid . 




CFTAPTER XIX. 

MAGNETISM. 

Properties of Magnets— Magnetic Induction. — ^There are certain 
hard black stones found in various parts of the world which 
possess the property of atti acting iron and steel. Small pieces 
of iron and stool, such as fillings; etc ,f when one of these stones 
iH brought near to them, are attracted, and cling to the stone , 
'Che name lodestones was given to these stones. Also, as they 
were found at a place called Magnesia, the name Hagnes or 
Magnet was gneu to them. WJien carefully examin^, they 
are found to consist of non and oxygen in the proportion of 
64 parts by weight of oxygen to 1C8 parts of iron, the formula 
being Fes 04 . If a piece of non or be rubbed with one of 
these stones, th<» magnetism is imparted to the iron or the steel 
the former aie called natural magnets, the latter artileilil mag* 
nets. ISteel inagn^ts are made of v anous forms — the more ootnmon 
being a rectangular strip of sUh'I, called a bar magnet, and a piece 
of steel bent into tlic form of a horse-shoe, and called a hatee^koe 
magnet. Artificial magnets are either temporary or permm^ — 
the former of soft iron, and the latter of steel In the lormel^ case, 
their magnetic condition I's due either to the presence of a per- 
manent magnet, or, as in an electro-magnet, to the passage hf an 
electric current In a steel and permanent magnet, the magnetism 
is produced either by stroking with a magnet or by meanii ^ an 
electric cuirent, 

Appakatcs — Bar magnet 

Expbhimant 154. — Present one end of Gie magnet tOasmaU 
piece of iron or stetd (a tin tack or a needle will do) : it wift bfi 
attracted to and adhere to the magnet* If one end or tibe 
length of the magnet W wrapped In a piece of pa]^ or 
boards the piece c^ron or steel will be attracted ag pelQa'O*-^^ 
that the (n^esenee of the paper does not affect tte attractive 
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If a needle' be placed un a sheet of cardboard, it >\iil be found to 
nio\e about and follow the motion of a magnet placed underneath 
the cardboard. Ascertain by experiment that the magnet will 
attract iron, steel, nickel, and cobalt, but not other metals, or such 
liodies as wood, stone, etc. 

• Appakatus. — Bar magnets , iron filings. 

^XPJBRIMENT 135. — Plunge the magnet in a heap of iron filings, 
OP scatter filings o\er it, and notice the accumulations in the form 
of tuft$ at botli ends of the bar, but that no filings adhere at the 
middle of the bar. 


If the experiment he made caiefully, tho two tufts will Ik 
found to be alike — indicating that the attiadne ioices (xtit(‘d by 
the bar at its ends aie ecpal, also that the force (or magnetic force) 
resides cjiiefly at or near tin* ends of the l»ai lln* two opposite 
points or ends of a magnet are called its poh s 

If two magnets, after being dij)p<d into the non filings, he 
^ brought near to each 
other, then when two ' 


jiolea are pre»ent(*d, rTF^lIL 
the tufts will ap- ^ ;.r-“ 

proach, as show’ii at 





A (Pig. 1 50) ; if one a 


B 


magnet be reversed Fior>0 Majfnct»*attrutlnKlronfilinKK, unhke 

and the two poh-e ....i i.u 

lire presented, the tufts rece<Ie, as sljown at J* 

Appa»atu&— * Bar magnet, sinail jutccs ot non, sinh as soft 
iron tacks. 


ExPsaiMfiNT 136.~-Bring small pieces i>f soft n<»n, su<h as soft 
iron tacks, near to the ends of the magnet (Fig and it w^ill 

be found that se\«r.d tacks may be f>ut on 
at certain jKiints (n» \(rtual rows), but the 
number of tacks suppoitcd at aii) |Hnnt of 



nn^^liagiiefc Md the magnet will be tound to d< p<*ii(l on thc^ 

iBMii l» 0 n tsel». distance of the point fiom the ec*iitie; at oi 

near tins centre no tadrs an* support# cl, and from this it would 
dUfeeftr th&t the liar has no niagnetisfii at tl»<‘ centn*. But, as 
shown in Experiment 141, if the bar be liroketi at the 

(pnijfeev so formed would attract picus of v*ft iron 


441 ends 0 < the bar magnet equally attract a piece of iron 
tir aisei the adyantsipe due to the use of the horse sJioe form, in 
ml two ends are Wsght together, is at once apparent 




182 


MAGNETISM. 


In Fi". 152 a horse-shoe magnet and its keeper are shown. Th»* 
effect of the magnet on the keeper A B will be to make it a tem- 
porary magnet, the end A a soutli pole, and the end 
B a north pole. The keeper being a magnet, and its 
polarity being opposite to that of the magnet against 
which it is placed, the two magnets exert all their 
force in attracting (‘ach other ; thus there is very little 
free magnetism left to attract any outside body, such 
as a ])iece of soft iron held near it. This is described 
best by saying that the magnetic li(‘ld is closed. 

Appaiutus. — llorse-shoC magn(‘t and keeper; vari- 
ous weights. 

Expkiumknt 137.- -Fix a hook to the keeper AB. 

It will b(; found on attaching weights that the su[>- 
|>orting force exerted by tlic keeper when placed acro.ss 
i>oth ends of the magnets is inort; than twice as great as wdifii 
placed only on om*. 

Apparatus. — llorse-sho(‘ magnet, iron filings; sheet of card- 
board. 

E.ypKRiMKN’T 1 3S, -Plac<‘ a piece of cardboard ov^er the horse-.shoe 
magnet lying on the table, and scatter iron filings over it. When 

the cardboard is tapped, tlie 
arrangement of the filings is 
clearly seen (Fig. 153) to 
consist of a large nuudwr 
of symmetrical curves called 
mngy)pfic cur res or lines of 
forces (as they represent the 
lines of force round the mag- 
net in a horizontal plane). 
The same arrangement exists 
in every possible plane. In 
this manner \vv are said to map the held of a magnet. ^ If the 
magnetic field U* closed by joining the poles of the magnet by an 
iron keeper, then the‘circuit is completed through the keeper rather 
than through the air. It will lx* found that the arrangement of 
the iron filings indicates only few Hues of force lieyond the iron 
keo|>t^r ; the strong lines of force wliich spreaul out from the pok« 
are tx>ucentri^ted in the keeper. 

ApPARAtua — Bar and horseshoe magneia. 

♦ Experiment 1 39. — ^Suspend the Wr ntagnet by a paper stirrup ih 
such a manner tiutt it can turn quite freely in a horizontal plani^ and 



Fi«. 1S3.' -Horse shoe raa^fnet and 
cur\e< 



Fia. lf'2 
Uorse-shtHi 
magnet ami 
keejiier. 
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thV magnet comes to rest in a direction north and south (magnetic). 
If tlie magnet be displaced, it will oscillate backwards and forwards, 
but will ultimately come to rest in the same direction as before. 

If the horse-shoe magnet be brought near to the su.s})ended 
magnet, it will be found that like-named poles r(‘pid, but the two 
ynlike-nained poles attract, oacli other. The end of the magnet 
pf)inting in the direction of the north is called the nortli or posi- 
tive! end ; the opposite end is called the south or negative end. 


Induction. 


ApPARATrs. — IMagnets as before ; small pi(‘ces of iron and steel. 

Experimknt 110. — Place th<‘ horse-.sIuK* magnet in a v(Ttical 
position, re.sting on its bend .so that the two p<tl(‘s are u[nvanl. 
Jiang by mean.s of a silk string a small iron nail in a hori- 
zontal position over tlie poles : the nail will become a magnet. On 
testing its polarity by rn(*ans of the pole of anotIj(*r magnet, n‘pul- 
sion will be obtained, if the pole of tlic movable magnet is of tbe 
opposite kind to that of the fixed om* ; or the end of the nail 
which is over the north ])obj of the li\«‘d magm l is a south pole. 

Ilemove the fix(‘d magnet, and the n.ail c(‘a‘-es to Ik* a magm t ; 
or reverse the poles <:»f the magnet, and a reversal of the polarity 
of the nail takes place. Kai.se the n.ail higher ami higlM*r, and 
observe tliat tlie ellect of repulsion diminislus. and finally that 
the nail is no longer a magnet, but that both ( lids of the nad ani 
attracted by the small or basting iiiagm't. 

Experiment 111. — Use instead of tlie soft iron a piece of hard 
steel, such as a needle. I'la* steel at first is onlv a f<‘ebl(» magnet, 
but^ becomes stronger if l(‘ft bir soinci lime : also, when the magn(*t 
is removed the needle remains a magu<‘t. I*la<‘e the magnet under- 
neath with the poles reversed ; the n(*cdle will turn itself roumi so 
that the north pole of the ne(Hlle is over the sout Ji p« >le of tlie magnet. 

Thus aq/i iron under the influ(‘nc(* (»f a magn(*t is itself omihj 
but soon los(*s its magnetism when the magnet is 
removed ; nteji acquires it \rlih dijjkvMtj^ but retains it i>trmunn,nthj. 


Magnetizixig Iron and Steel 

Apparatus. — Bar or horse- 
shoe m^net ; pieces of steel. 

Experiment 142.-— I-ay a 
piece of soft iron on a table 
15i), and. stroke it several 
times (in the mim direction^ 



Fj«. i;4.~-Magnetfx{og % o( Imp 
or 9teel 



MAGNETISM. 


^ til one pole of a bar -or horsc-sboe magnet : the soft iron becomes 
a magnet for a short time, but very rapidly loses all its magnetism. 

Beplace the iron by a needle or a piece of unmagnetized 
steel ribbon or clock spring, and holding a bar or horse-shoe 

L ' ‘ magnet in a nearly vertical position 

(Fig. 155), draw along it from onp 
end to the other repeatedly one pole 
of the magnet ; the rubbing xhust 
not be backvvards and forwards, 

^ but always in the same direction. 

n "^rr; ^ It will be found that the end last 
Fjo. 155 .- Ma^nctizhifr ft piece of touclH‘<l by the pole of the magnet has 

steel sprinK. Opposite ]>olarity to that pole. Thus, 

if the piece of stind be rubb(*d with the north end of the magnet as 
shown, the direction of rubbing from left to right, then the end 
last touch(‘d — tlifit is, the right-hand end — possesses south polarity. 

To t(‘st tliis, suspend the strip, and determine which end is the 
north j>oh‘. 

ApPAUATra. — Pieces of clock spring; magnets. 

ExPKUiMKxr 143. — Fasten a piece of clock spring to the table, 
and rub it from tht^ middle to th(‘ ends with the north-seeking 
liolcH of two magiietH ; show that the two ends of the strip are 
lioth soiith-si‘oking poles. Place the strip beneath a sheet of 
white paper on which tilings arc scattered, and notice that the 
coiisequmit pole in the middle is north-seeking. 

ExPKRniEN'T 1 14. —Heat a few inches of steel spring retl-hoi, 
and quench in water rapidly ; this makes the stei^ v#ry hard and 
brittle. Magnetize it as in Expin-iment 442 (Fig. 155), fthil mark 
the poles; break it in halves (marking the ends so as to know wliieh 
weine next to each other), quarters, etc. If each broken piece be 
tested, it will bo found to l»c a jiermanent magnet, having |ialarity 
like the original. 

Apfaratcs. — B ar magnet; long and short jilrips olplsteei; 
test tube and stestd tilings. 

Expkrimen'T 145. — Magnetize a long and a short strip, usitig 
the same number of strokes in each casa By bringing both near 
to the magnetic necnlle, oWerve that the Itmger piece has mneh the 
stronger polarity. Explain from this why it is difficult to mag- 
netize a short, thick pitHje of steel. Show how two opposite poles 
which are in contact neutralize each olh^’s elfect^ by putting the 
two parts of the broken strip in the |>o4t{on they occupied Wore 
th#mnp was hnikeu ; then plunge into Slinga 
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* Experi3#ent 146. — Fill a test tube with steel filings, and mag- 
netize the filings. This may be done, as before, by drawing one 
end of a magnet several times along the tube. Suspend the test 
tnhe, taking care not to disturb the filings, anti test the ends: 
they will be found to be north and south respt'ctively. 

. If the tube be shaken so as to disturb the filings, it will be 
found tliat it is no longer magnetic, and is attracted by either end 
of tile magnet 


Summary. 

A magnet is a body having the of uttruclnig iron and kIh I. 

Natiunal magnets or lodestones aie foiind at varnni>. parts of tiu* (*arth'« 
surface. The stones consist of in»n and ox>gt*n, tlu* chotnioal foniiiila U*irig 
or 64 parts by weight of oxygen to KiK paits by v\<*iglit of ir<»n. 

iUtiflctftl nrngliets are either temporary or permanent. Th^‘ ft>rnu‘r are of 
soft iron, the latter of steel. The inagiietisui in each cam* is prtxhictHl t4ther iiy 
stroking or by the electric current. 

8tm slowly acxiuires magiictihin, but retains the magnetism for a ccmsider- 
able time. 

Softil^B is easily magneti'/AHl, but loses its magnetism tpiicklv. 

Polaa'—The attraction is greatest at the two <'iids of a inagnet. These are 
called the north and south j'oles res|M>ctively. At oi m ar iIm* middle tht* attrac- 
tion ceases. Unlike }toh8 nf ttm Matinde attract inch otiar , hki rtf-tK 

Linas of Force. — By nutting o\er a iiuvgin*t a sheet <if cnnUimird, and sprink* 
ling over it iron filings, tlie dueetions of the hm s of force aie ''ceii. 

Induction. — The north i>ole of a magnet indues « a wmth isde in a pi<*ce of 
iron or steel. 

A magnet snsjiended Hr» that it turn fre<t Iv in a hon/ontal plane always 
seta in the saim^ direction, om* end iKinitnig ndith, tie otleT south. 


E\FRrisi>. 

1. A piece of soft iron and a piwe of hard sp*«*l. f»f the ^ame si/.i* anfl shaja*, 
are aepamtely rublK‘d from eixl to end !•> tlx norih |»i»h (»f a ‘•ti^mg bar magnet. 
How will you t<‘st their magnetic condition, and what ditfen nce will find 
between them ? 

2. A liar magnet has conmjuent |s>l«*s at it« middle jsnnt. its 

efiect on the direction of a freely -suspended niatnieiic medleuhich )»• moved 
from one (^od of the bw“ magnet to tlx* othei at .a constant siii.dl disfntno alx^ve 
ii. The ^«ct of the earth's luagnetism on the uc;ed!e may Is* negh*ct4*d. 

Ajpieciti of soft iron, jdacc-d in with lH>th js»U*h of a hc!irs<*-»lKie 

iUsgnet at the same time, is held tt> it w ith more than tw ic»* the force w ith which 
it woulki be lield if it w-ere in contitct with only one jjoJe of the igixm* magnet. 
Why is this? 

4 A |H«K!e of cardlKiard is plaml rner a horse-shoe magnet Ivmg cm a Uljile, 
iiUdlrO]i mii:^ are scafcterc*d over it, I^mwr a diagram show mg the arraxigemcmt 
by the filings when the cardWnl is t.'ifujed. What dififerenocsi v^'onld 
be obsmNKl in the arrangement of the filings when the ends of the tni^c*t were 
Jdtnsd in turn by bar« of (1) steel, t2i soft iron, t.H) copper? 

H A glass tube is ncarlv filled w ith suwi filings, and oorketl at lioth ends. 
HitjSiMi thoil be magnetised by any of the ordinary mcthcKis, but kiiic;s its mag* 
pgQpet^ whan shaken. Esplain Uiis. 



CHAPTER XX. 

TERBESTEIAL MAGNETISM. 

Terrestrial Magnetism.- It has heou found in tlio precoding ox 
I^KU'iinonts, tliat \\hon a inagiH't is so susponded tliat it can turn 

frotdy in a horizontal plane, such a-, 
a magnetic needle shown in Fig. 
it always points in the same din^- 
tion, which is nearly north and south 
It is found, however, that a magnet 
does not point exactly to tlic true 
geographical north, or the north end 
of the axis on which the earth 
turns. 

ExnauMKNT 147 . — Suspend small 
magnet a .short distance alK)ve a tabic 
Tf undt‘rnoath a strong magnet he 
placed in any direction, it will he found tliat the small magnet 
will turn so that its south end is directly over the north end 
of *the larger one ; and if the larger magnet be turned iii any 
direction, the .smalh'r one will always follow hence when a 
large magnet is brought near a small one, the smaller is con- 
trolled by the larger. Thus the .susinuided magnet, the magnetic 
luiedle (or the compass needle), always jioints to the north, con- 
trolled by the earthy whieh hefiatrs ae a heije having its 

{K>les near to the geographical |K)les. But in the above experi- 
ment we hare found that the south pole of the smaller magnet is 
directly over the north pole of the larger one ; so that if the north 
pole of the earth l>e called north, what we called the north pole 
of a magnet is really a south pole. To avoid difficulty, the pole 
of a magnet which points io tho north is usually called ^n^ih- 
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When accurate observations are made, it is found that a fretdy- 
suspended magnet does not ])oint exactly duo north : tfie angle 
lH‘tween the direction of such a magnet and the ti*ue north is 
called the declination. The declination changes from ^>oint to 
j)oint on the earth’s surface, and also with time For (in^at Britain 
the value at the present day is about W. ; or the needle, instead 
of j,K>iixting due north, points to the west of it. 

Inclination or Dip. 

Apparatus. — ^ lagnetic ne(‘dle; magnet ; a ft‘w nnmagnetized 
knitting-needles. 

Experiment 14S. — Support a fredy-suspendcHl magnetic needle 
above a table, and a few ineh(*s from a mfignet plaet'd on the table: 
the south pole of the needle will dip \eiti(’ally downwards. If 
the needle be carrical in a horizontal direction (oer tin* magnet, 
the inalination or dip will les.sen until, when it reaches lh(‘ centre, 
it will be horizontal ; after parsing the cmitrc' it again h(‘gins to 
di[), but in the ofiposite diieetion — that is, th(‘ north j>ole will 
point vertically downwards. 

Experiment 119. — Fasten a silk fibre firmly witli hot shellac 
to the middle of an unniagnetized knitting-iii‘edle. Suspend the 
ntiedle, tiling one end until the needle hangs horizontally JNIag- 
nctizethe needle, and it will b(‘ found tliat it is no longer honz.ontal 
hut inclined, wdth the nortli (uid pointing downwards. 

The needle may 1 m^ mounted on .a hoii/ontal axle so that it can 
turn freely in a vertical ]>lane. Tlun in the northern hernisph(*re 
the north pole points downwards , tliK increases as the needle 
is carried north, until, if the needle is o\t‘r tin* magnetic north 
pole, it points >ertically downwards. When caiinsl t^ovanls the 
equator, its inclination becomes less and less, until it is half-Vay 
lictween the north and south jmles, when it is lionzontai. When 
carried further south, the south pole af the middle points down- 
w’ards. 

WHien the needle is placed in the magnetic ineridiHii, the angle 
which the needle make.s with the horizontal Him* thnuigdi its centre 
is called the inclination or dijn The straigdit line joining the 
north and south pole,-, of a magnet is called the wHo. 

The mf^ridicin may la* d<*tined as an imaginary line 

drawn from either magnetic jK>le through tlie axis of a magnetic 
tieedle at the place of observation. 

Apparatus. — XJ nmagnetize<l steel (knit ting-needle), al>out 4 or 
5 inches long ; bar magnet. 
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Experiment 150. — Suspend the piece of steel in ft horizontal 
position by a silk fibre. Magnetize it os care- 
fully as possible. Replace, and note that it 
sets in the magnetic meridian, with the north- 
seeking end pointing in a downward direction. 
The angle which it makes with the horizontal 
(a little greater than 67°) is called the ajiglc 
of dip. 

Magnetic Moments. — We have already found 
that the strength of a magnet depends upon its 
length. In a comparatively long magnet, the 
poles, being further apart, do not tend to neu- 
tralizes each other’s ctlect to the same extent as 
in a shorter one. Hence the strength of a mag- 
net depends upon the strength of its poles and the distance be- 
tween them ; the prodnet of the strength of either of the two poles 
of a w^gnety into the distance between the>7i, is called the magnetic 
moment of the magnet. 

To compare Magnetic Moments. 

Appahatits. — Bar magnets; magnetic needle. 

Experiment 151.— Set the suspended magnetic needle oscillat- 
ing, placing a bar magnet at a distance of a few inches to the north of 
the lUHidh*. Count the number of vibrations per minute. Replace 
the magnet by another of, as nearly as possible, the same strength, 
and at the same distance, ami again count tlie oscillations. Shift 
the magnet to an equal distance south of the n^dle, the north- 
seeking end being nearest the needle. The number of oscillations 
will be found to be tlie .same as l»efore. Replace the first magnet 
to tile north of the needle. It will be found that the number of 
vibrations, under the influence of both magnets, is considerably 
less than the sum of the numbers of the vibrations due to each 
magnet separately — the magnets being of nearly equal strength, 
and the earth’s field l>eing neglected. More exactly, the namber 
of vibrations with the two magnets is 82, or 1*4 times as 
as when only one is used. By mtsans of the above, vmfied by other 
and more elaborate experiments, it is found that the vibnmom tf 
a magnet a given time are proportiorud to (dte »gwm root tf 
8^*m0ih of the magnetic Jield in whlrh the magnet ewin^^ 

If ft steel magnetised needle be freely suspended, and two 
pieces of lead perforated so that they cm be placed at any pmnt 
on tlie needle, it is easily shown, by placing the pieces at any . 
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the angle of dip. 



TtBm^rmxh magnetism. 189 

convenient equal distances from the centre of the needle and 
counting the vibrations in a given time, that the time of ribrU' 
tioH upon the mass and the shape of the ribratiny body. 

The effect of the earth must be taken into account. ^ If we 
denote by the number of swings due to earth alone, by b the 
namV>er of swings due to earth and the first magnet, by c the 
num^r swings due to earth and the second magnet, we Ijave 
the relation — 

(6® - 0 ^) ; ; j Strength of A : strength of B. 

Time of Vibration of Magnet. 

Apparatus. — Number of steel needles; bar magnet; small 
cylinders of lead. 

The time of vibration of a magnet depends upon the mass and 
the shapa 

Experiment 152. — Suspend a steel knitting-needle; take two 
small cylinders of lead, and bore holes through them so that the 
needle will pass through. Magnetize the m‘edle and suspend it 
as before. By means of the n\ovable lead cyliridtu’s the time of 
vibration can be ascertained for any position of the cylinders. 

Time of Vibration depends on Magnetic Moment. 

Apparatus. — A number of unmagnetized knitting-needles; 

bar magnet. 

ExpeeiMENT 153. — Suspend a number of unnmgnetized needles, 
and determine time of vibration. Magnetize one, two, three, cdc., 
and in each case find the time of vibration. 

Magnetizing Effect of the Earth. 

Apparatus. — A bar of soft iron (a poker) ; hammer. 

Experiment 154. — Hold a j>oker in the magnetic meridian 
and in the magnetic dip — in other word.s, {laralh l to the magnetic 
axis of the earth. Hit the upper end with a hammer; on testing 
it with compass, it will be found to have become magnetic in 
imeli a way that the north-seeking end is dowiiMai-ds and towards 
1^ north. This shows iliat the fiiagneti.si]i at the north pole of 
Ebe earth is of the same kind as in the south-seeking end of a 
Jn other words, the earth, regarded as a large magnet, 
sooth pole near the geographical north pole, and its north 
^le near ^ geographical south pole. 
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Summary. 

Tire EarUi behaves as a large magnet iu its action uiK>n other ins^et>, ns 
south-seekmg pole Ixjing near the geographical north ix)le. 

Declination. -A freely-snspendea magnet is found not to point exactly (hit* 
north : the angle l>etwe<3n the direction of such a magnet and the true nijrth 
called the 

Inclination or Dip.— A magnetic needle, when balanced on its middle point, 
does not rest in a liorizontal jKisitum ; the angle U3tween the direction of the 
needle and a line thr<nigh its centie is called the iru-hnation or dip. 

Magnetic Moment,— Tlie p^xluct of the strength of either of the two pole- 
of a magnet and tlie distance between them is called the magnetic moment of the 
magnet. 

Time of Vibration of a freely-sus^riended magnet dejiends on its magnetic 
moment, and also upon the mass and tlie shaiM* of the vibrating body. 


Exercises. 

1. A steel bar suspended bv a thread lies horizontally, and points indifferently 
in any direction; but when it i^ broken into halve-*, each half is found to iKiiiit 
ninth and south when sej)aiately sus|M*nded like tlie whole bar. Explain th(‘ 
magnetic condition of the unbroken biir. 

2. What is meant by saving tluit the magnetic dij) at London is 67® 30'? 

3. An iron rod liehl vertically is tap|H*(i with a mallet. The iipi^er end i< 
found to rt'pel tlie south ixde and attract the north |)ole of a compas.s needle. 
The rtxl now (piiotly iuvert<‘d, and the same end (which is now the lower) 
ti'sted again. It is then tapiMHl and once more testeil. 8tate what results jou 
would exiKKjt, and explain them. 

4. It iH su.-*pected that a magnetized bar of steel has cxmsequent poles. How 
would you aseertain wiiether this is so or not? 

5. *A r<Kl of iron, \\h<‘n brought near t(» a comiiass needle, attracts one ixih* 
and ri'pels the other. How will you ascertain whether its magnetism is inr- 
maneiit, or is due to teinpomrv induction fiom the earth? 

6. (iiveu a uiagiu't and tie* means of Mi.'«|)ending it, how will you determine 
(1) the magnetic ineridiau ; (2) m which direction north liefe? It is assumed that 
you do not know' which cud of your inagiu't is a north and which a south j)ole. 
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ELEOTEITIOATION BY FRICTION POSITIVE AND NEGA- 
TIVE ELECTRIFICATION^CONDUCTORS AND INSU- 
LATORS. 


Apparatcs. — Sticks of ebonite and soaling-wax ; flannel and silk 
rubbers; round-bottomed flask; lath of wood; jdoce of co})])er 
wire. 

Experiment 155. — Rub a stick of ebonite .smartly with the 
flannel or silk, and hold the excited nxl ru‘ur to small }>ieces of 
paper 9r other light objects, such as small chips of matchwood, 
bran; etc. These will be attracted to it • some will cling to the 
rod, and others will dance up and dow n betw’(H*n the rod and the 
table. The ebonite is said to 1 k‘ (‘lectritied ” As a nmgm*t w ill 
only attract metals such as iron or ste(‘l, and the* ebonite stick 
will attract all light bodies, tins property is ditrerent from mag- 

netiam. 


Experiment 156. — Balance the lath upon the both *10 of, the? 
round-bottomed flask invertc'd. If the stick of rubbed r bointe la? 
brought near to one end of the lath, it will be found be uUracUHl 
towards the ebonite. Conversely, if the stick of elK>nite lie laid 
6n a suitable support so that it is free to in<»ve, 
ai)d the lath or a pencil be brought near to 
the ebonite Will be attractefl, and will 
tnove towards it. 

Expekiment 157.— Rub an elKinite rod 
ftiinne] so that it becomes 
and place it in a wdre stirrup matle from a 
piece dF copper win% l>ent as shown in Fig. ^ 

158. In the previous experimeiiis we have ^ ^ 

found tliat an electrified rod attracts light objects ; it also attracts 
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comparatively heavy bodies (as in the case of the balanced lath), 
but the attractive force is not sufficient in amount to lift them. 
If the electrified rod be placed in the stirrup, and a pencil or 
la^li^g^yood brought near, the electrified rod will be attracted 
towi^s it. Bepeat the experiment, using rods of iron, brass, etc. 
Show that they all attract the electrified rod. 

Apparatus. — Glass rod ; stick of shellac ; flannel and silk 
rubbers. 

Experiment 158. — Rub a stick of shellac with dry flannel, 
and show by its action on light substances (as in the case of the 
ebonite rod) that it is electrified. 

Excite glass with amalganied silk, also sealing-wax with flannel ; 
place each in succession on a wire stirrup, as shown in 1%, 158, 
Note how each will move towards a finger held near. 

The stirrup shown may be replac€*d by a paper stirrup. 

Amalgamed silk is prepared by melting together zinc and tin 
in the proportions of one part tin to two parts zinc, and when 
nearly cold stirring in from seven to ten parts of mercury* The 
amalgam, when cold, cati be made to adhere to the silk by using a 
small quantity of lard (freed from salt). 

Positive and Negative ElectrificatioiL 

Experiment 159. — Electrify a stick of ebonite and p!su^4t in 
the stirrup. Bring near to one end of the suspended rod a 
similarly electrified rod, and instead of attraction repulsion will be 
observ^. 

In a similar manner electrify a stick of sealing-wax ; diow that 
when a second electrified stick of sealing-wax is brought near to it, 
repttlwn takes place. 

Electrify a rod of glsiss by rubbing with amalgame^ silk. 
Bring it near the stick of sealing-wax, and notice the 
Tiius the electrification iiuluced in the glai^||od is difi^rent from 
that in the stick of sealing-wax. The glas^od is posit! vd; eleo^ 
trifled, the sealing-wax negatively electrified. 

In the above experiments we find that the Wlec^flcation 
gUm when rubl^ed with silk diflers from that in ebonite^ SOidiiig!^ 
wax, or shellac when rubbed with flanneh 

Tlie repulsbns and attractions arc briefly expressed as — 

L All bodies which are dectiifled attract all un^oelrified 
bodioa 

$i I4ke eleobricities repel eadb other* 

A Ilnllkwpiiioctridtm attract each oli^ 
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Electrification by Contact. 

Apparatus. — Pith ball; unspun silk; sticks of ebonite and 
sealing-wax; flannel and silk rubbers. 

Experiment 160. — Hang up the j>ith ball by means of the 
silk thread. Electrify a rod of ebonite and present U to the pith 
ball, which will be attracted to it until the rod touches the ball, 
when it* is repelled by it, but is attracte<l wlien a glass rod lubbed 
with silk is presented to it. 

Jt will be found tliat the ball will now at t mot, or can bo 
attracted by an unelcctrified body sutb as the hand. Instead of 
the pith ball, the end of the silk thr<*ad may bo used ; lK‘nce the 
silk does not conduct away the eloctritioation. 

Experiment 161. — Suspend the juth Indl by a })iece of cotton 
thread* Bring an electrified rod ikmi- to it • it will iiv attract^nl, 
but when touched by the rod it falls away. On bringing an 
unelectrified body near it, it is found tliat no attraction takes place. 
All the charge of electricity giv(*n to it by tlie rod J^as disappeared. 
*rhis was not the case when tlu‘ ball was susp(*ndo<l by the silk 
thread ; hence we infer that coftoo is a but silk is a non- 

eondt^ior, 


St'MMAK^. 

Sectriclty can iKi induc«l hy mblung -«o;»Img'W n\. w itb Haniifl 

and siJk ruhl:)ers. The electi lojfy ih -.how n by th<> f ion of ludit lxKlie». 
Electrified bcsliaH are bnind to attruet all nnfiutriPut. 

» Like electricities repel, unlike attract t ach otlu-r. 

ZsstU&tors OT n<m~eoHffnctors fir«> ‘«tu h as '.jlk. glang, hh* liar, etc, — 

which allow little electricity to thnaijrh ihcin. 

^ Conductors r<»adily allow elect ricitv to pavsn thronjjrh tia in, anrl an* divicle<I 
into //codE conductors — metals, w'ater, tiieeaitli: anti cunductorn— ootton 
And wood. 

The best oemductors arc found t<i •►ffer j^omc * to the pf a 

eultent; also the best iuMihi-toni iH^rtnit a cutam amount of electricity to 
escape. 

ExER( IsRfl. 


1. A fcsl of sealirig*w'a.\ and a piece of flunn* 1, after hnving Ijccu mbl>ed 
ogether, tute msulated atul [thwiKi •s>uif‘ dintauee a|«irt , leov do tm*ir potentials 

dtuer from each other and from the {MHctitial i»f the earth? How would you 
l^oir© the truth of your an?*wer ? 

2. A pith ball jh i»Ui(*|x-ndf*d from a metal stand by a fine threml. If you 
mive a stfouglyHslectriiieci glaa-^ tvyl. how ran you had out whether the threiaa is 
A mmductor or a non-oon<iuctor of eU'<'*tricit j ? 

^ A Xheacrtb© any ex}JNcrirnent by winch ytm could |Mrove that when electrifi- 
of ©no kind i« produced, the op|i6«ifcc kind b alMi pr<x1uwi in tx|ual 

. 4* Tw© pairs of light pith l^lla an* hiifig at the opfXHite cikIs of an imftt* 

^fc©d conductor— one pair l^eing au^iiended by silk, and the other by oothm 
l>sscTil)e and explain the behaviour of the haib if the conductor h 
l^mdually electrified more and more strongly. 

ihpo 13 



CHAPTER XXII. 

BLECTROSOOPE—ELECTRIO INDUCTION— PEOOP 
PLANES— ELEOTROPHORUS. 

Gold-Leaf Electroscope. 

Apparatus. — Two strips of gold leaf, about 1 inch x ^ inch, 
are fastened one on each side of the llatttined end of a rod of brass. 

At the upper end of the rod a brass disc, or a 
knob, as shown in Fig. 159, is fixed ; the rod passes 
tlirougli a cork, wliich is covered with sealing-wax 
to insulate the rod. Or a rod of ebonite, passing 
through an india-rubber stopper, may be used. 
To the lower end the strips of gold leaf, called 
“leaves,” arc attached, and the top is fitted with 
a brass disc, called the cap of the electroscope ; a 
small hole in the disc allows wires to be attached 
to it. 

The flask should be carefully cleaned and dried. 
The gUvss flask prevents currents of air from 
M affecting the leaves, and also ensures that they 

are not in contact with other bcnlies. 

Bxpeeimrkt 162 . — To dmrge the electroscope positively, bring 
near to it an electrified glass rod, and the leaves will diverge] 
touch the disc with the rod, and when the rod is in contact put 
the <»p to earth by touching it momentarily with the fing^] 
when the rod is withdrawn the leaves will diverge, showing that 
the instrument is charged. 

In a similar manner the electros<x>pe may he charged 
tlv^y by using a rod of sesding-wax or e^nite rubbed wifb 
fiamei 

Rxpaaufssnr oscerfam ^ tmiure ^ Me in am 
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charge the electroscope as in previous experiment. 
Bring (1) a charged glass rod (positive), (*J) a charged rod of 
sealing-wax (negative), near to tho cap of tlie electroscope ; notice 
whether the leaves diverge or collapse. In a sinular manner any 
other charged body may be brought up to the cap of the electro- 
‘scope, and the effect produced by it on the “leaves ’* (whether the 
same as or opposite to that produceil by the glass rofl) should l>o 
noted. 

Apparatus. — Gold-leaf ^‘lectro^ope ; He\eral jards of copper 
wire ; silk and cotton thread ; sealing-wax. 

Experiment 1G4. — Fasten one end of a fine coj>jx*r w ire, 4 or 
5 yards long, to the metal disc of tlm (‘b*ctrosco]K* ; make a loop 
at the other end and pass it over oiu* end of a glass rod. Hub 
the other end of the glass rod with amalganu'd silk. Although 
+ electricity is develojxd on the glass, there is no divergence of tho 
leaves of tlie electrosco]>e- that is, the electricity at one end of tho 
glaas does not pass tlirongh the glass and wire to the electroscope. 
Thus the copper wire or the glasN rod, or both, arc bad conductors. 
Slide the loop, wdtiiout touching it, along the glass rod until it 
approaches the electritied j)art; wJieii this (Mrur.s the leaves 
diverge. Hence the copper wire is. but the ghi>-‘< rod is not, a 
conductor. 

Experiment lGr>. — (a) Ib'ptat tin* last experiment, using a 
stick of iif^aling-if'if.1' instead of the glass rcKl. 

(h) Replace th<* copper w ire by coZ/r/n thrHul. 

(c) Use Hilh ihrPiid insf<»ad of eottrm. 

(<f) Dip the silk thread in w’ator. and note what alteration, 
if any, occurs. 

(c) Replace the copper wire os in (n)^ |>la<*c the r-tl on the 
ground or on a conductor, with a good eartli contact, 
such as a metal pipe, connected vvirli tho earth. 

Experiment lOG. — Charge the electroscope as in Experiment 
154. When the surrounding mr is very dry, the leaven remain 
divergent for a considerable time. TIius dry nlr u o con- 
du^or, Whem the surrounding air is damp, the leaves soon 
oollanse 

j^ce it is easily that experiments in frictional electricity 
succeed better wlien the atmosphere is dry. In addition, all 
frictional apparatus should he pr^rfectly dry. It is fo\ind that 
glass sdlows water to condens«» freely on its surface. To prev^t 
this, a coat of shellac is applie<l to the glass. ^ 

IhNxdi Flaaea— It is often necessary to examine ike eWtmtty 
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on a body, and to obtain a measure of the kind and cjuahtity of the 
eleetriiication, without manipulating the body itself ; this may be 
effected by means of what is called a jyi'oof plane, which consists 
of % small disc of metal, fastened to the end of a rod of ebonite, 
sealing-wax, or varnished glass. A simple form is to fasten a 
penny to the end of a stick of sealing-wax, or to paste tinfoil of 
Dutch metal on cardboixrd discs of various sizes. * « 

Expkkimbkt 167. — Suspend a small file by means of two silk 
threads ; the file will thus be insulated. Bring near to one end a 
piece of rubbed ebonite, and touch the other end of the file with 
the proof plane. Remove the proof plane, and test the charge by 
means of a charged pith ball, as in Experiment 160: it will l>e 
found that it is negatively electrificjd. 

Repeat the experiment, using a rod of rubbed glass, and there- 
fore positively electrified, instead of the ebonite rod. 

Induction. -VV^e have found, in a preceding experiment (140), 
that when a piece of soft iron is placed near a magnet it becomes 
magnetized, the magnet having the j>ower of acting upon the iron 
at a distance from it. The iron is said to be magnetized by induc- 
tion ; the magnetism in the iron is called Induced magnetimn. 

A similar phenomenon occurs in the case of electrified bodies. 

If a charged (ebonite rod !>(» brought near to an insulated and 
unelectrified conductor, the charge on the electrihed rod is called 
the indanng charge ; the charge developed, the induced charge — 
the conductor being electrified by indnetion, 

AePAHATtja -WocKlen rod, ebonite and glass rods, and rubbers. 

Experimrxt 168. — Hold near the end of a long wooden or 
metal r<id, plac(*d on an insulated support, an electrified ebonite 
or glass rod. It wjJl l>o ft>und, as lief ore, that electricity has heen 
develo].M>d in tlie first-named rod, ami that the opposite end of the 
rod becomes electrified, and will attmet small substances, such as 
pieces of |>aper, etc, 

ExpEUtMEXT 169. — Bring the charged rod near to an insulated 
conductor, and while in this position let the opposite end of the 
conductor be touched by the finger: this forms for a short time 
a connecting body with the mrih. On removing the hmid, the 
clisuged rod being kept in its place, the conductor wilt be found, 
by testing, to l)e charged all over with the opposite kind of 
electricity to that of the chaiged rod ; and tlie e^rged rod being 
removeti, the condaetmr will be pt*nnanently charged. %hiis the ; 
effect of bringing the charged rod near to the insulated ct^ucto^r^ 
hmi been to draw to the ^d nearest the rdd a charge oi the 
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opposite sign, and the charge of the same sign is driven to the 
other end ; this escapes when the earth connection is made. The 
portion which escapes is called the free charge; tliat which re- 
mains, and which is opposite to that of the charging l>ody, is called 
the honnd charge. 

* Apparatus, — Gold-leaf electroscope, glass rod, and rubl>ers. 

« Experiment 170. — Bring near to the knob a charged rod ; the 
leaves will diverge — due to tlie separation of tlie charges in the rod 
and leaves. From what we have already found in previous experi- 
ments, an unlike charge to tliat of the rod is attract<»d towards 
the knob, and a like charge is repealed to the lea\es at the? opposite 
end. If the knob be touched by the finger, the mornentiiry contact 
puts the charge to the earth, and the heaves collapse : the cJiargc 
is now of the op|>osite kind to that of the rcKl. On removing the 
charged rod the leaves again di\erg(*, owing to tlie opposite charge, 
which w-as held very strongly near the knob, but faintly at the 
leaves, spreading itself over thi? whoh*. It sliouhl be noted that 
collapse of the leaves is not always an indication that the l>ody 
which is being tested is charged ; increased div^Tgence is a much 
more reliable indication. Any unelectrifieil conductor, such as the 
hand, when brought near, would cause tlie leaves to collapse. 

il^PfiRiMENT 171. — Charge the electroscope positively by a 
rubbed glass rod, negatively by an electrified rod of ebonite or 
sealing-wax. Make tests of the charge*, and write out the tests 
you make in order to ascertain if the electricity i.s of the re<|uired 

Electrophorus. 

Apparatus. — A metal disc, B (Fig. 160), furnished with an 
insulating handle, O, of sealing-wax or glass; a disc, A, of 
Insulating material, such as ebonite, .shellac, 
or vulcanite. On the bottom surfa< e of A 
a disc of tinfoil is pasted. 

Experiment 172. Rub the vulcanite 
lightly with fur; pl/ice tin? disc, Tb on the 
v^canlte, and W’hiLst in contact touch the 
disc with the huger. If the disc l>e now* re- 
; moved, it will be found that it Itas bc^n 
charged by induction with the opposite kind isa— Eleetroijliori^ 

of decbrleity, and if touched a spark can be obtained. 

If ike disc be again replaced on the vulcanite, it may be 
as belmra The proei^ss may be repeated until all the 
the vulcanite has disappear^ 
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Faraday’s Ice-pail Electroscope. 

Apparatus. — Tin or copper vessel, 5 or 6 inches deep and 
3 to 4 inches diameter ; glass plate ; electrophorus ; electroscope. 

Experiment 173. — Support the vessel on the glass plate to 
insulate it, and join the vessel to the disc of the electroscope hy 
means of a fine metal wire. When a brass ball attached to a* 
piece of silk string, which has betm charged by means of the electro- 
phorus, is lowered into tlie vessel witliout touching it, the leaves 
of the electroscope will be found to diverge, and the divergence wiil 
remain the same for any position of the sphere inside the vessel ; 
if the sphere bo allowtjd to toucli the vessel, no alteration in the 
divergence of the leaves will take place. When the sphere is with- 
drawn, if it has not touclnnl, the leaves of the electroscope collapse. 

If, whihi the sphere is within, the vf^ssel be momentarily put 
to earth by contact with the finger, the leaves collapse ; wdien the 
sphere is withdrawn, the loaves diverge. 

Write out a full account of the experiment, and state any deduc- 
1 ions you can make from it. 


Svmtxm. 

Eld<rtro8Cope is an instrument used to dt'tect the presence of electricity 
m a l)ody. 

Ctolo-leaf electroscope eouhist'^ of two insulated loaves of gold leaf hanging 
near to eatdi other. Wlion a charge of electricity is given to them, they reinl 
each t»ther. 

Electrophorus is an instrument for easily obtaining a charge of electricity, 
or for di'tecting the vrcsetici' of electricity in a liody. 

l^roof plane consists <>f a snuall, thin metal (lisc attached to an insulated 
handle, and may 1 h* usetl to compare the quantities of electricity on equal 
area of a conductor. . ^ 

Furailay’B ice-pail electroscope is an iuvStrument used t<v charge with 
> any nmulHS* of times tht^ charge <.»f a given body ; abo to prove that On a coii- 
tlttctol* equal quantities of i>ositi\e and negative tdectricity are induced. 

Evkrcisks. 

1. Say exactly what you must do in order to get a succession of sxmrks from 
an electrophorus. 

2. Stfite the disadvantages tif glass as an insulator, and descnlx* the best 
means of ovensnuing them. 

X To protect a gold-leaf eh‘ctrOvScop(» from lx ing acted on when an electrical 
machme i'. at work near it, it is sutficient to cover the electro«coi»e with » thin 
t'otfcon cUith. How IS this? 

4. The eliouiW ixwtion of an f'h*ctrophor«« is charged wdth elec^dity; 
wliat meam would you take to cx»mpletel> discharge it ? 

5, A stick of w^limr-vvax having b^n niblKni with flannel, is found to lie 

ir^tively electrifltxl. How, by means of it, would you a proof plane 

with positive ehHjtricity ? 

fl. An insulated conductor. A, is brongbt near to the cap of a gold -lea! electro- 
scope which has bi^i cliai|r^ positively. State and explain what w'ill happen 
(1) if A is unelectrified ; 12) tf it is charged positively j (3) if it is charged negatively. 



CHAPTER XXlir. 

DIFFEEENCE OF POTENTIAL -ELECTRIC DENSITY. 

Potential — When two vossds contain wnt(^r. ont‘ of %\liich is at a 
higher level than tlio other, ^^at^*r ill }lo\v from plan' of hii^lua* 
to that of lower level. Ju a similar manner, when two hodies 
ha\ ing diflereiit temperatures are j^laced t<»^(‘ther, heat w ill pass 
from the hotter to the colder hody, until hoth are at the same 
temperature. If a body haMiti^ some eleetiieal ])otentud he 
brought into (dectric eommunieai ion with a body h{i\ing a 
different electrical potential, the two will as far as possdile Wcouie 
of the same potential. 

If the body havinir electric potential be put into electric 
communication with anotlier body, a How of electricity takes 
place, the direction of fh^v depemling on tla* state of the 
charge. Thus, if an electrilitnl uninsulated crmductor be cdiurged 
■with frcKs positive eloetriciiy, this heino at a hiiirher potential 
than the earth, the diivction of How* is from tlm body to the 
earth; if charged with free negative ele<'tncity. this i.s at a 
low*er potential than the earth, aial Imnn* ehetrieity will fiowr 
from the earth to the body. 

We can consider a rnas.s of watt r raised to some heiirhi above 
sea4eve1, and therefore possesising jxitemial enertry : it allowed 
to descend, the water may 1 k‘ ma<io lo do work in virtue of 
its enei^% the amount depending up**n lie* le iglit and tle‘ mass. 
In the same manner, the higlur the <>f an ♦deetrititHl 

body, the greater the amount of work it may l^e rmuJe to do 
in passing from the ImtkIv to the earth. The negative potc-ntial 
would correspond to some level Ixdow .sea-level, such as a well; 
so that if communication Ixi made b(*tween the two, w*atcr flows 
in the reverse direction. 

If the two boiliea are at the same potential, no electricity 



200 DIFffelENCE OF POTEKTIAL — ELECTRIC DENSmr. 

will pass from one to the other, as in the case of two* bodies of 
the same temperature no flow of heat occurs. Thus the potential 
may be taken to mean the electric level above or below that 
of the. earth, which is taken as zero. Potential above that of 
the earth is called positive ( + ), and below that of the eartli 
negative ( ~ )» 

Electric Density. 

Apparatus. — Electroscope ; electrophorus ; proof plane ; com 
doctors of various shapes. 

Experiment 174. — Insulate a polLshed metallic sphere, A 
(Fig, 161) ; charge it by a few sparks from the electrophorus. 

If the proof plane be placed 
upon the surface of the sphere, 
it will receive a charge from 
it. Touch the knob of the 
electroscoj)e, and note the di- 
vergence of the leaves; dis- 
charge both the pixK>f plane 
and the electroscope ; touch a 
different place on the surface 
of the sphere. Again charge, and note that the divergence of the 
leaves of the electroscope will \ye the same as before. If neces- 
sary, an electroscope with a graduatetl scale behind the leav^ may 
be used, llepc^at for several different parts of the surface and 
it will be found that the electrification is the same at all points 
on the surface ; in other words, the electrification on the sphere 
is uniformly distributed. 

Next use a pear-shaped conductor, C, and it will be found 
that* the electrifi cation i.s gi'eater at the ends than at the middle. 
Next use a flat disc, also anjr conductor which terminates in 
a blunt point ; ascertain the difference between the amount in the 
case of a l>ody terminating in a point, and in that of a iimtlar 
body with rounded ends. 

Ihe tenn electric density is used to denote the ammtmi 

— Uiat is, mimher of nniU of deetrijUsoMtm per 

unit (centimetre or inch) tf the miftee, 

Oondensers. — If an iimulated conductor be separated by a 
noli-eonductor from another conductor, the arrangem^d will 
form a ccmc£mier. 

The Xi^rden jar is a very convenient form of eondenaear. It 
comMi of a wMe-numlbed glass jar or cylindm^ (1% 162), coated 
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both iiiside’and outside with tinfoil to within 2 inches of the 
lop, then varnished inside and outside with shellac varnish. 

A piece of brass wire having a knob at one end is fixed into 
a piece of wood, and the wood is placed at the bottom of tlie 
jar, and held in position by mixing some plasttT 
of Paris with water and ])Ouriug the paste into 
the ^sylinder, holding the wire upriglit until the 
|>laster sets. Inside the jar some crumpled tinfoil 
IS placed^ to make electrical connection hetween 
the wire and the inner coating. 

That the apparatus may he used to store a 
relatively large quantity of eh'ctricity may hti 
shown by the following experiment. 

ApPAHATUS. — Leyden jar ; electrophorus. 

Expeeiment 175. — Place the jar on an insu- 
lated support, and charge it hy passing a few F*'*- 
sparks from the electrophonis. i<v<ien jar. 

The jar is discharged when conducting communication is 
made between the knob and outside. To discharge, what are 
called (liHcharfji tKj (oiujh may ite u.sed. T 1 h‘SO may 
be sinifdy a guttu-j>ercha-covt}red c<)pj)er wire alK)ut 
2 feet long, having at each end a leaden bullet 
fused on, and bent as shown in Fig. ICU. 

To discharge the jar hy means of the discharg- 
ing tongs, place one leaden ball against the outside 
of the jar and bring the other near to the knob ; 
the opposite chargers in the jar will at once unite, 

Fro. 168. and neutralize eacli oilH*r. A comparatively feeble 
spark is obtahu d. 

K^NE$at the experiment; lift the jar hy the knob, and if ^no 
fnd of the discharging tr^>ng.s put into contact with the knob 
when the other end Ls put near to tin? outside coating, a strong 
is obtained. 

^ Bepeat, placing the jar on the table, or hohl ing it in the 
hatid whUst charging. 




Si M MART. 

are *«aid U* Ije of the saiue if, whi*n in 

l^wSficsI cotmnunication, ttw-y neittjer givi* nor n-ceiTt* electricity foni* 

When bodiet arc placed in el€?i?trical cf>»nnunicatk>n^ they U'ud to 
,™oooiie of the aatne potential If when placed m cotninntHoatam |io«iUy# 
eleetaici^ paMsea from tlie dmt to the aeoond, the hrai ia itaid to U* at a hlglMBf 
flWimitlsf WAO the second. 

Tbs ]»oteiitUl «r tbe eartli Is sero. A body dbatged with positive tdbo- 
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triclty is at a higher, and with negative electricity at a lower, potential than 
that of the earth. 

Hectrlc Current. —If two places are kept at different potentials, and are 
joined by a wire so that a continuous flow of positive electricity passes from 
one to tlie other, such a flow forms an fkctrie current. 

ftiorfhce density at a given point is the quantity of electricity per square 
cm, at that i>omt. 

A Leyden Jar usually consists of a glass bottle lined inside and out h 
within a few inches of the top with tinfoil, forming two conductors j^parated 
by a non-conductor. 


Exercises. 

1. On touching the top of a charged Leyden jar standing on the flow 
or on a common table, you get an electric shock ; but if either you or the jar 
stand on a dry cake (jf resin, you do not get a shock on touching the knob. 
Explain this. 

2. Dcserilie the construction of the Leyden jar, and give reasons, based 
(Don exjM^riment and (2) tm theory, for believing that it can be used to store 
up a relatively laige charge of electricity. 

8. A large Leyden jar. tlie outer coating of which is earth-connected, is 
chargfMl. Tf you wish to discharge it with the electric tongs, which coating 
should yon touoli first witii the tongs, and why? 

i The extremity B of a wire A B is attached U) the plate of a gold-leaf 
electroscope. By means of an insulating handle, the other end, A, it placed in 
contact first with the bhmt and then with the more ]x»inted end of a pear- 
shaped, insulated, and tdectrihed conductor. Describe and explain the move- 
ments of the leaves of the electroscope. 



CHAPTER XXIA^ 

VOLTAIC ELECTRICITY. 

• Eimple Voltaic Cells — Electric Current.- If a plate* or strip of 
pure zinc and a plate of orelinaiy coiniiicrcial zinc Ik* placed iti 
dilute sulphuric acid, the inipun? or eonnncn’ial zinc is attacked 

• at various points along its surface, tlie zinc being eaten auav hy 
the acid at those points (and hydrogen sc*t free). This so-called 
local action is caused by the presence of iron, ere., in the impure 
zinc. No such action occurs with the pun* zine, ami l>y rubbing 
the surface of the iinpun? zinc with mercury (amalgamated zinc) 
it is made to act like pure zine. 

To amalgamate the surface of a plate of ordinary commercial 
zinc, dip the zinc plate into dilute sulphuric acid that is, wat^?r 
to which about an eighth part (by measure) of strong acid is add<xl ; 
when adding the acid, the water should be stirred with a glass 
tod. After the zinc has -been acted u}>on by the acid for a minute 
or two, rub mercury over its surface by means of a pit»ce of doth 
or a piece of cork. The effect ]iroduc<‘d is to mals<‘ the im|>ure or 
OJmiiuercial zinc, when placed in sulphuric acid, to act as pua* zinc. 

Affabatus. — Glass beaker; dilute .«suiphuric acid; sirijts of 
^per, of pure zinc, and commercial zinc. 

ExFBBiltEXT 176. — Place the strip of commerciai ziuc in the 
=^ate Ois|d, and note the bubbles of gas gi\en off. Repeat the 
^porimeot^ using strips of pure zine and c*opper. No bubblt^ 
bf gas aro given off at the surface of either strip : but if the metals 
wro eonneeted either inside or outside, hubbies of gm 
ihe G&pper s^rip. 

AFPABATua — Strips or plates of amalgamated zinc.; dilute 

% aodi beaker^ as in last experiment 

fopsaiXENT 177* — Plac^ a plate of amalgamated zinc and a 
'^per in the dfilute add It will be found that so long m 
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tLe z\nc and copper are not in contact, m bubbles o£ ^ are given 
off from either metal *, but if the plates are brought into contact 
(or connected by a wire), either inside or outside the vessel in which 
they are placed, a change occurs. Bubbles of gas are given off, mt 
from the zinCf but /ram the copper plate. 

A convenient method of attaching the two plates is by means 
of copper wire fastened to each, and the ends connected together. 

Apparatus. — As in last experiment. 

Experiment 178. — After the two strips have been in contact 
for a few minutes, remove the strips, carefully wash and dry them, 
and obtain the weight of each, lleplace and reconnect, and after 
being in contact for a short time (say 15 to 20 minutes), again 
remove, wash, and dry them, and weigh. It will be found that the 
copper has noi^ but the zhic hm^ lost weight 

Record your results as follows : — 


Strips of copper and zinc in 
dilute aoid. 

At Ix^nning 

At the end of 

20 minutes’ action. 

Weight (»f 7.tnc strip.. , 






Weight of copjier 






Apparatus. — Zinc and copper plates ; dilute acid ; and beaker, 
as in la-st experiment. 

Experiment 179. — (a) Underneath tlie copper wire connecting 
the zinc and copper plati\s place an ordinary compass ne^le (con* 
sisting of a liglit magnet suspendixi at its centre of gravity, and 
free to move in a horizontal plane). Note the defection of the 
needle, (b) Wrap the cop|>er wii'e a few times round a bar of 
soft iron, and note that iron filings are attracted. Also note, in 
(a), that the effect produced on the needle becomes less and less, 
until it tinally ceases. On demihuj and the copper pleUe^ 

the mtwH is rencfiwi. 

The peculiar properties of the win^ ant due to an elac^ric cui^ 
rent which Jhm the fo the xim plede. Thm method 

of obtaining an electric current is due to an Italian f^j^OEOpher 
nam^d Vol^ Vessels titled in such a manner that an electric 
cinrent is {undoced are called roltaie or palmnic cdk. Hie points 
otattachmast of the wires to metal plates are called the jpofe^, 
^ that of the copper is called the poiiliee polSi Ij^e 
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the negating pole — the whole arrangement being calle(] a m}?pk 
mUaie cM* 

By means of a very delicate electroscope, the copp<*r wire 
attached to the copper plate is found to be f)o»itivehf electrified^ 
and that which is attached to the zinc plate neyatirehf clectrijiml. 
fte wire will attract iron tilings, or deflect the magnetic needle. 
The.end of the wire attached to the copper plate is at ii higher 
potential than that which is attached to th<‘ zinc ; hence the current 
dows through the wire from the copper to the zinc. Tlie chemical 
action in the cell starts at the zinc or n<\gative pole, and is trans- 
milted ferom particle to particle of the liquid until the copper plato 
is reached. The coppc^r plat^* (or its (Mpiivalent in oilier eells), 
where the chemical action inskhi the cell ceas(*s and the external 
current along the wire begins, is the po/c. TJh‘ strength 

of the current depends upon tin* diftVreiu o of jKiteutial. The end 
of the wire attached to the copper platt‘ is at a higher pobmtial 
than that attached to the zinc plat<*. 

Voltaic Cells. 

Polarization. — If, inst^wl of tlie coppr plate, (*arhon or 
platinum were used, the wire attached to the carbon or platinum 
would be positive, that attached to th(» oiht^r negative*. (Balt 
water and iron could lx* used to rcyilaci* the dilute sulpliuric acid 
and the zinc respectively, ) 

It is found that the current in the \oUaic cell just describc^d 
rapidly diminishes, owing to the accumulation t>f hydrogen on the 
copper plate. The negative condition of the c(»pper surface be- 
comes neutralized by the film tjiositive) of hydrogm on it This 
gradually lowers the intensity, ami the currmit c<»as('H. The ?it*gativo 
metal is then said to U* polarized. Folai i/ation is proventtd hy— 

1. method-having a rough surface, m that the 
hubbies easily detach themselves from it , that is, roughening the 
imrfaco of the cc^per hy scratching w ith emery, etc. 

2. rihiiifttiftitl method-— by using some .«^ul^Uince such as bi- 
idiromate of potash or nitric acki, wliich are strongly oxidizing 
agents. 

3. Blee^o^ohmmcal — by the use of copper suiphak' solution, 
^whioh will attack the hydrogen and dejiofeit the free copper tlias 
Sermed m the copper plate. 

Snieels OelL— Tf platinum be deposited on a silver plate, ^ 
hi «aid to be platinized, and the surface is very rough By 

subs^tution of such a plate for the copper plate in the mmple 
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voltaic cell, the bubbles of gas do not remain on the surface, but 
rise from the various points of roughness and escape at the surface. 

In what is called a Daniell’s Cell, the dilute sulphuric acid is 
placed in a porous pot, P (Pig. 164), which is enclosed in a copper 



Fiti. 164 — ^Daniell’s cell. 

glass, or glazed earthenware beaker or jar, J, of larger size — the 
space between the porous pot and the i)eaker being filled with a 
concentrated solution of copper sulphate, into which a strip of 
copper is inserted, forming the positive pole; the negative pole 
being a well-amalgamatexl rod or strij) of zinc. When the terminals 
are connected, the dilute sulphuric acid acts upon the zinc, forming 
sulphate of zinc and liberating hydrogen. The reaction may be 
represented thus — 

IT.^kSO^ + Zn = ZnSO^ + Hg. 

The hydrogen attacks the copper sulphate, liberating the metallic 
copper and forming sulphuric acid. The reaction is — 

CuS0^ + H, = H^S 04 + Cu. 

The liberated copper is deposited upon the copper plate, thus 
preventing polarization. 

The copper sulphate would get weaker ; hence some spare 
crystals of the substance are contained in a perforated cavity, 
as shown at o (Fig. 164). 

Apparatus, — llanielFs cell. 

Experiment 180, — Connect the poles by a long, straight copper 
wire. Hold the wire over a magnetic needle in such a way that 
the current in the wire Rows from north to south, and note the 
deflection of the needle. Next place the wire under the needle. 
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The needle ‘will be deflected, the north pole of the needle being 
deflected towards the east ; in the former case the deflection will 
be towards the west. If, without altering the position of tlie 
wire, the battery connections are altered so that the current flows 
from south to north, the results in both the above cases will be 
reversed. 

The. direction of deflection of the needle, in any case, can be 
found from Ampere’s Rule — namely, Imagine a man swimming 
in the wire in the direction of the current^ with his face always 
turned towards the needle; then the north pole is in every case 
defected towards his left hand. 

The drove’s Cell has a higher voltage and less internal resist- 
ance than the Daniell’s cell, and consists of an outer cell of glazed 
earthenware or of ebonite, which contains the dilute suljdiuric acid 
and the amalgamated zinc plate. The inner porous cell contains 
the strongest nitric acid, and the n(‘gative pole is furnished by a 
very thin plate of platinum, placed in the nitric acid. 

Leclanch^’s Cell is very largely used for all purposes requiring 
an intermittent current, such as electric hells, tele- 
phones, etc. The dilute acid is re})]aced by a solu- 
tion of sal ammoniac. The cell consists of a rod 
or slab of zinc, Z, carbon, C, and po\v<ler(*d black 
oxide of manganese (Fig. 165). Ilie carbon and 
manganese are placed in the porous vi^ssel, P ; a 
certain amount of sal ammoniac is jilaccd in the 
outer vessel, and water poured on it. 

When used to give a continuous current for 
several minutes, the power rapidly falls off, ow ing 
to the accumulation of hydrogen; but uhen left to itself for a 
short time, it rapidly recovers. 

Its advantages are — it does not require* rone^\al for months or 
years, and does not contain corrosive acids. 

The action of the liquid on the zinc rod causes hydrogen to 
form, but this combines with some of the oxygen from the 
oxide of manganese, and water is formed ; thus the manganese 
compound is gradually reduced. 

Experiment 181. — Connect two copper plates of the same 
weight (using platinum wire terminals) with the positive and 
negative poles respectively of a Bunsen cell, and immerse side by 
side in a solution of copper sulphate containing a small quantity 
of sulphuric acid. After being in action for some time, remove 
the plates, dry, and reweigh them. The weights will no longer 
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be alike. The copper plate connected to the negative pole is 
found to be heavier than before, on account of the copper deposited 
(the difference in weight gives the amount) ; the one connected 
to the positive pole weighs less. 

Replace the two plates, but reverse their connections with 
the poles of the battery, and allow them to remain for the same 
time as before. Again remove carefully, dry, and re- 
weigh them, and the original equality in the weights 
will be found. Write out fully your explanation 
of this. 

Bunsen’s Cell. — In this cell, which is very often 
used, a slab or rod of carbon replaces the expensive 
platinum of the Grove’s cell. 

The stoneware jar (Fig. 166) is filled to within about 
an inch of the top with dilute sulphuric acid, and the 
porous inner pot with strong nitric acid. Bunsen sceii. 

A convenient form of Bunsen cell is shown in Fig. 167. The 
sheet of zinc, Z, is bent into a cylindrical 
form, and placed within a stoneware jar, J, 
as shown. A porous pot, is placed inside 
the cylindrical piece of zinc, and inside this 
a slab or square rod of compressed carbon, 
C. Binding screws to connect the wires are 
clam})ed to the zinc and to the carbon. 

Experiment 182. — Connect two copper 
plates as in the last experiment, and place 
them in the solution. After being in action 
for a short time, the copper plate joined 
Fio, 167. to the zinc of the cell will be found to be 

covjered with bright copper. The plate of the other pole will be 
partially dissolved. 

If the two plates be dipped into dilute sulphuric acid, it will 
be seen that gas is- given off at both poles. 

If the gases were collected separately, they would l>e found to 
be oxygen and hydrogen. Oxygen is given off at the pole which 
is joined to the carbon of the cell, and given off by the other 
pole is hydr<^en. As the oxygen giyeii off acts upon the copper^ 
it is better to use platinum terminals. 

The volume of the oxygen given off at the positive pole is hfdf 
that of the hydrogen given off at the negative pole. 

Any sul>stance which is decompose by the passage of an 
electnc current is called an electeolyte ; the action which takes 
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place is called electrolysis; the two poles suspended in tlio 
electrolyte are called electrodes. The pole at which the current 
enters is called the anode, 
and that at which it leaves 

the kathode. 

beating Effect of Current. 

"Apparatus. — Two Bun- 
sen cells ; a few inches of 
fine platinum wire. 

Experiment 183. — Twist 
the two ends of the platinum 
wire, and connect them to 
the two pieces of copper wire. 

Connect to the two cells so 
that a current is made to 
pass through the wire. It 
will be found that the wire 
gets hot If immersed in a 
known quantity of water, and - 
the temperature of the water, 
before and after the current 16S.— Electrolysis of water, 

is passed, be noted by means of a thermometer, then the heat given 
to the wire in that portion of its circuit can easily be estimated. 

Proceed to shorten the wire, and note that it gets hotter and 
hotter, until it becomes white-hot, giving out a bright light. If 
the shortening be continued, it is possible to fuse the wire. 

. Hence an electric current through a conductor heats it 

Summary. 

Simple Voltaic Cell, — Coramercial zinc is, but pure or amalgamated zinc is 
not, act^ upon by dilute sulphuric acid. When strips of zinc and copper are 
dUhced in duute sulphuric acid and joined by a wire, positive electricity flows 
nom the zinc to the copper, and from the copper through the wire to the zinc. 
The zino is eaten away, and hydrogen bubbles appear on the copi?er plate. 

Electric Current. — The end of the wire connected to the copper strip is at a 
h^her potentud than the end attached to the zinc ; hence an electric currmt 
pniises i^ng' the wire, due to this difference of potential. 

BdaxtBatiOiL — The wire connecting the zinc and copper strii^ is found to 
atokct iron fllings or to deflect a magnetic needle. This action be^mes weaker, 
nnd after a time ceases, the negative condition of the copper surface being 
nentialized by a film of hydrogen on it. The negative metal is then said to be 
polarized. 

Prevnntlon of Polarization. — (1) By mechanical, (2) by chemical, (3) by 
leloctro-climical methods. 

; (hm 



14 



210 


VOLTAIC ELECTEICITT. 


Smee*s Cell. — A platinized silver plate is substituted for the copper plate 
in the simple voltaic cell. 

Daaieirs Cell. — The hydrogen acts upon copper sulphate, liberating the 
copper, which collects on the copper plate, but does not interfere with the 
action* 

Grove’s Cell. — A strip of platinum foil replaces the copper of the simple cell, 
and nitric acid is used : the “ polarizing ” hydrogen is oxidized to water. 

Bunsen’s Cell — A slab or rod of carbon replaces the expensive platinum i>l 
the Grove’s cell. 

Leclanch^’s Cell. — ^The dilute acid is replaced by a solution of sal ammoniac. 
This acts on the zinc rod, liberating hydrogen ; but the hydrogen is oxidized by 
the black oxide of manganese. This cell cannot be us^ where a continuous 
current is required, but it is very useful for electric bells, etc. 

The passage of the electric current through a conductor heats it. Certain 
liquids, as turpentine, will not conduct the current. 

Electrolysis. — When an electric current is passed through water, the water 
is decomposed into its chemical elements, oxygen and hydrogen — the former 
appearing at the positive, and the latter at the negative pole, the volume of 
the ^drogen being twice that of the oxygen. 

l^ectrolyte is the name given to a liquid which conducts the current and is 
decomposed by it. The ends of the wires which come from the jioles of the 
battery are called electrodes ; that connected to the positive pole is called the 
anode, and that connected to the negative pole the kathode. 

Exercises. 

1. Give a drawing of a galvanic cell of copper, zinc, and dilute sulphuric 
acid, showing in what direction the ixisitive current passes through a wire 
connecting two metals, and also through the dilute sulphuric acid. 

2. What are the materials used in the construction of a Daniell’s cell, and 
what chemical changes occur in the cell when in action ? 

3. Explain why, when a sufficiently strong current passes through an 
incandescent lamp, the lamp becomes hot, while tlie wires which lead the 
current to it are comparatively cold. 

4. Plates of platinum and copper are dipped into a solution of copper 
sulphate. What effects are produced upon them if a current is passed through 
the liquid from the copper to the platinum ? 

6. A horse-shoe-shaiied piece of copper is hung from the arm of a balance, so 
that the two legs dip into two different vessels containing a solution of cop]^r 
sulphate, and weiglits are placexl in the other pan till the balance is in equili- 
br’lum. An electric current is passed for some time through the ve^els and the 
horse*8hoe, the electrodes being copper plates dipping into the liquid in the 
vessels, but not toiicliing the liorse-shoe. When the current is stopped, will 
the balance still be in equilibrium ? Give reasons for your answer. 



CHAPTER XXY. 

ELECTBO-MAaNETISM. 

Apparatus. — A strip of iron or steel having several turns of 
cotton-covered copper wire \vrapped round it so that the ends are 
hare. 

Electro-Magnets. 

Experiment 184. — Suspend the coil and the strip by silk 
string (Fig, 169). Pass a current from the Bunsen cell through 
the coil : the strip becomes magnetized 
so long as the current is flowing. This 
is shown by its power of attracting 
iron filings or small pieces of metal, 
such as tacks, iron nails, etc., when 
placed near the ends of the strip. , 

Reverse the current by inter- 
changing the two wires connected to Fm. leo. 

the poles of the cell; ascertain the Simple bar eiectro.m»*»et. 
alteration which occurs in the polarity of the coil and the en- 
closed strip. 

The bar of soft iron, which thus becomes a temporary magnet, 
is called an electro-magnet. 

Solenoid. — If the length of the coil of wire be many times its 
diameter, it is called a solenoid. To ascertain polarity of an electro- 
magnet, Ampere’s rule may be applied. Thus, 
a person swimming in the nAre in the direction 
of the current^ and facing the needle^ will have the 
north pole on his left hmvd ; or, the polarity of the 
lPio.i7o.~Soiienoid. related to the direction of the current, 

that looking towards the south end of the helix, the current cir- 
culates in the same way as the hands of a watch move. 

The polarity of the coil being the same as that of the iron 
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inside, the arrangement of the solenoid and its core ‘is called an 

electro-magnet. 

A solenoid through which an electric current is made to pass 
behaves exactly like a magnet if freely suspended : it sets in the 
magnetic meridian, and is repelled and attracted by another sole- 
noid or permanent magnet. 

Apparatus. — Concentric mercury cups ; covered copper wire. 

Experiment 18D. — Take a piece of iron wire and wrap round 
it insulated copper wire, as shown in Fig. 
171. Bend the wire so that the ends just 
pass under the surface of mercury contained 
in concentric grooves in the wood block B. 

Suspend the coil and the enclosed iron 
wire by untwisted silk. Put one terminal 
of a voltaic battery (several cells needed) 
ill each groove containing mercury : it will 
be found that the coil and rod will swing 
into a position nearly north and south — 
showing that the rod has become a magnet 
Interchange the two wires connected to 
the poles of the battery so as to reverse the current; ascertain 
what effect this produces on the polarity of the iron core. 

Current. — It has been shown in a simple voltaic cell (Experi- 
ment 169) that the action is from the zinc, through the liquid to 
the copper. This action is called current; the cause of the current, 
due to chemical action in the cell called electro-motive force 
(written E.M.F.), is projyortional to the difference of potentials 
betimen the two j^oles. Difference of potential also depends on the 
materials used. Thus, when sulphuric acid of the same strength 
and temperature is used, and the cell consists of zinc, copper, and 
acid, a certain value (always the same) is obtained ; but the E.M.F. 
of the cell is altered if iron replaces the 
zinc, or platinum the copper, etc. 

Battery. — To produce a stronger cur- 
rent than that furnished by one cell, a 
number of cells may be joined together ; 
such a combination (Fig. 172) is called 
a battery. 

There are two methods of joining the 
cells together. Thus, if all the copper (or -I- ) poles and all the 
zinc (or - ) poles be Joined together, the K M. F. is not altered ; 
the plates being joined together in this manner form one conductor, 



Fio. 172.— Balteiy, 
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the difference of potential remains the same as that of a single 
cell, aiid Hie cells are said to be joined in parallel. 

But by joining the + pole of one cell to the - pole of the 
next, and so on, the difference of potential of any cell is added to 
the one next to it. Thus the difference of potential and the E.M.F. 
are increased : this is called joining the cells in series. 

The unit of E.M.F. is called the the volt being approxi- 
mately ^ the E.M.F. of a single Daniell cell. 



Galvanometer. 

By Amph'ds rule on p. 211, the 
direction of an c^lectric current flow- 
ing through a wire can easily be de- 
termined. 

Thus, if a freely-suspended nmg- 
netic needle be used, above which, 
and parallel to it, a wir(‘ is placed 
through which a current is passing, 


Fio. 178.— "Wire carried above and the needle will be deflected from the 
be ow a magnetic needle magnetic meridian in which it rested. 

If, for instance, the north pole was found to be deflected towards 


the west, then we know from Experiment 
180 that the current in the wire is from 
south to north ; also the deflection of the 
needle would indicate roughly the strengtli 
of the current. Such an arrangement con- 
stitutes a galvanometer in its simplest form. 

If the wire be bent into the form of 
a rectangle, as shown in Fig. 173, both 
portions of the wire by Ampere's rule tend 
to turn the north pole towards the ^vest ; 
hence the power of the current to turn 
the needle is doubled. 

When fine wire covered with some in- 
sulating material — gutta-j)ercha, cotton, or 
silk — is carried both above and below the 
needle a great number of times, forming a 
coil of many turns, the power to turn the 
^needle is correspondingly increased. The 



needle lies inside the coil, in which it is ^ 
free to turn, the adjustment being made by 
Giree levelling screws, as shown in Fig. 174. 


Fio. 174. — Oaiv»nometer, 

A light pointer ab 
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attached to the needle moves over a graduated dial as fejiown, and 
indicates the deflection of the needle. A glass cover protects the 
whole apparatus, and carries at the top a small adjusting screw to 
allow tfee pointer to swing freely, or, when not in use, to rest on 
the dial. 

In the Astatic Galvanometer, two needles, of the same length 
and power, are fastened together in the same vertical pla;iie, one 
inside, the other outside the coil (Fig. 175), 
having the north end of one needle opposite 
the south end of the other. We have already 
found that when a magnetic needle is freel}’’ 
suspended, it tends to set in the direction 
of magnetic north and south, owing to the 
earth’s force (as a large magnet). And before 
a single needle can be deflected, this force 
has to be overcome. In the astatic pair of 
needles this force is neutralized (or nearly 
so) ; thus the force of the current swings the needle much more 
readily than before, and hence a weak current can produce a 
comparatively large deflection. 

Eesistance. — We have found that some substances readily 
transfer electrification from electrified bodies, and offer very little 
resistance to the flow of electricity. These are called conductors^ 
to distinguish them from other bodies, which offer such great resist- 
ance as practically to allow no electricity to pass through them, or 
only transfer it in a slight degree : such substances are called non- 
conductors or insulators. It should be noted, hpwever, that every 
so-called conductor offers some resistctnccy and every insulator allows 
some electricity to pass through it. Whether electricity will or 
will not pass through a substance depends upon the E.M.F. and 
the resistance which the substance offers to its passage. 

As already indicated, the resistance which the substance offers 
to the flow of electricity causes the development of heat; and 
knowing the work equivalent of heat as estimated by Joule, the 
power of an electric current can be estimated. 

When the resistance is very great, such as that offered by the 
fine carbon filament inside an electric lamp, the amount of heat 
developed is so great that the filament becomes white-hot or 
incandescent 

If a rod of carbon, thick at one end and tapering towards the 
other end, be connected by copper wires to the poles of a powerful 
battery, the thicker portions may remain unaltered in appearance, 
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but the thinner portions will be heated to redness. The current' 
at any given instant is the same at each section. The quantity of 
heat developed at any section is proportional to the resistance at 
that section, but the resistance of unit length of the thin part is 
greater than the corresponding resistance of an equal length of th# 
thick part ; and as the heat conductivity of carbon is small, the 
heat is not readily distributed. 

* Apparatus. — Galvanometer ; Daniell or other cell ; several 
pieces of wire of different materials and thickness. 

Experiment 186. — Join, by means of a short length of copper 
wire, one pole of the cell to the galvanoinet€U’, and connect the 
other pole by means of about 6 or 8 feet of No. 30 copper wire ; 
note the deflection produced. Shorten the long length of wire to 
half or quarter of its former amount, and again note the increase in 
the deflection, due to shortening the wire. Replace the wire by an- 
other of similar material but larger in diameter ; you will find the 
deflection to be greater than with a corresponding length of thin wire. 

Repeat the experiment, using No. 30 iron wire instead of the 
copper; and again repeat, using German silver wire. You will 
find that the copper wire transmits tlie stronger current — this 
being indicated by the larger deflection of the needle. 

Enter all the details of the experiment in your note-book, and 
ascertain which metal offers the greatest resistance. 

The resistance of a wire depends on — (a) length ; (b) sectional 
area ; (c) temperature ; (d) material. 

Round wires of diameter, c/, the resistance, is proper* 

tional to 

(P 

The practical unit of resistance is the ohm, named after Dr. 
Ohm, who pointed out that the strength of a current nvries directly 
as the total electrcMfnotwe force y a'nd hveersely as the total resistance 
of the circuit. Example : — If the electro-motive force is 60 volts, 
and the resistance of the wire 5 ohms, the current is —12 
amperes. Similarly, if the electro-motive force be 1 volt and the 
resistance 1 ohm, then the current is 1 ampere ; and the ampere 
could be defined as the current due to a pressure of 1 volty and 
through a resistance of 1 ohm. 

Thus, if E denote the electro-motive force in volts, 

C the current in amperes, 

R the resistance of the circuit in ohms, 

then C — 5. 

xv 
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If the resistance of silver wire be *5 ohm, the resistances of 
copper and iron are *505 and 3*12 respectively. 

' It should be noticed that the resistance = sum of resistances 
of its various parts in series (“in series simply means that the 
^rrent has to pass through all the parts consecutively). 

The expression 


Strength of current 


Electro-motive force 
Total resistance of circuit 
E 
R 


is known as Ohm^s Law. 

Thus, if the circuit were composed of cell E.M.F. = E, and 
resistance R6 ; galvanometer resistance R^, and the connecting 
wires’ resistance R?^ ; 

then C == ^ — . 

R6 + R^ + Ric 


From which, when E and the resistances are known, the cur- 
rent can be ascertained. 

Dr. Joule found that the E.M.F. of a Daniell cell was I'OSQ 
volts y or approximately 1 volt. 

The E.M.F. of a Bunsen cell is aj^py'oxhnateli/ 2 volts. 

In the Daniell and the Bunsen cell, the energy given out is 
due to the combustion of zinc by the sulphuric acid; and when 
unit quantity of electricity ])asses through the circuit, *00033 
grams of zinc is consumed. But the work done in the Bunsen is 
twice as great as in the Daniell cell. 

Quantity and Current. — Current is the rate at which elec: 
tricity flows through wares, and is measured in amperes. 

If the E.M.F. he 1 volt, and the resistance 1 ohm, the current is 
1 amph'e. 

The unit of quantity is called a coulomb. It should be noted 
that just as the number of gallons of w^ater in a tank has nothing 
to do with the head of water (due to height of tank), or with the 
velocity of the w^ater in the pipes leading from the tank, so coulombs 
have nothing to do with the number of volts, or with the current 
in amperes. The quantity of water flowdng in a current may be 
measured as so many cubic inches per second. So the quantity of 
electricity in a current is the quantity per second flowing along 
the conductor, and is measured in coulombs. If the passage of 
electricity through a wire be at the rate of one coulomb i>er second, 
it is called the rate of one ampere, or a current of one ampere. 
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If a steady current is flowing, the quantity that has passed’^ 
in a given number of seconds is found by multiplying the current 
(in amperes) by the number of seconds. 

Q = where Q = quantity. 

C = current in amperes. 

^ t — time in seconds. 

In the C.G.S. system, the unit of work is one erg, and is 
tlfe work done by a force of one dyne through a distance of one 
centimetre ; also 10' ergs per second is the electrical unit of power, 
and is called a watt. 

It is easy to ascertain the number of watts equivalent to one 
horse-power. Thus : — 

1 pound = 453-6 gram.s. 

1 foot = 30*48 centimetres. 

/. 1 H.P. = 550 foot-pounds = 550 x 453-6 x 30-48. 

• 1 XT -D X 453-6 X 30*48 .. 

1 H.P. = yq 7 = 746 watts. 

This relation is very important when requiretl to measure 
H.P. electrically. The current in amperes mnltij)lied by the 
E.M.F. in volts, and divided by 7 Jit). 

Wheatstone’s Bridge. — Resistance can be ineasur(‘d in a simple 
manner by means of a Wheatstone’s bridge. If the current in a 
wire, W, flowing in the direction indicated by the arrow — that 
is, from place of higher to 
that of lower potential — is 
divided at O, and to reach 
the wire at C is made to 
pass along the two wires 
or conductors O B C and 
OAC, the currents flow- 
ing along these wires will 
be inversely as the resist- 
ances of the conductors, the fall of potential being as much for one 
conductor as for the other. There is corresponding to some point, 
B, on one conductor, some point, A, on the other having an equal 
potential to that of B ; hence if A and B were joined by a con- 
ductor, as the potential of each is the .same, no current would flow 
through it, and any current sent through W would not aflfect the 
most sensitive galvanometer attached to the wire. 

There are two forms of Wheatstone’s bridge, known as the 
coil and the vnre bridge respectively; OA, OB, and AC are three 
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*sets of resistance coils, and BC (Fig. 177) is the wire the resist- 

ance of which is to be 
measured. 

The two lengths OA 
and 0 B are called the arms 
of the bridge, and are either, 
equal in length or in some 
definite known proportion 
to each other. 

The resistance AO is 
adjusted until no deflection is observed on the galvanometer, G. 
Denoting the resistances of a, 6, c, and d by B,a, R6, Rc, and Re? 
respectively. 

Then Ra : R6 : : Rg? : Rc. 

When a and 6 are equal, then Rc? - Rc. 

Apparatus. — Wheatstone’s bridge; galvanometer; wires of 
various materials and of different sectional areas ; Daniell cell. 

Experiment 187. — Find as accurately as you can the resist- 
ances of equal lengths of the wires supplied, by inserting them in 
the gaps provided ; also find, by using the same materials and 
length, but different sectional area, how the resistance varies with 
the area (and diameter). 

Find, by using wires of the same thickness, the lengths of each 
of the following to give the same resistance : German silver, 
copper, iron, and so on. 

Enter all the details in your note-book. 



Summary. 

Electro-Magnet. — If a bar of soft iron be placed inside a coil of wire and 
an electric current sent through the coil, the iron becomes magnetissed, but 
ceases to lie a ma^et when the current ceases. If steel be used instead of the 
soft iron, the steel becomes a permanent inagiiet. 

Ami^re's Rule. — Imagine a man swimming in the wire in the direction of 
the current, haying his face always turned towards the needle : the north end 
of the needle will always be deflected towards his left hand. 

Solenoid consists of a movable wire helix, through which an electric current 
is made to pass. The solenoid behaves like a magnet. 

Volt is the unit of E.M.F. 

A Galvanometer is an instrument for measuring the intensity of an electric 
current by the deflection of a magnetic needle. 

Astauc Qalvanotneter consists of two equal needles, one fastened outside, 
the other inside a- coil of wire^the north end of one nee^ being opposite the 
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south end of the other; in this form a weak current is able to produce a com-’ 
paratively ‘large deflection of the needle. 

Resistance of a wire depends upon its (1) hwjthf (2) sectional area, (3) teni- 
perature, (4) material. 

Ohm's Law.— Strength of a current is equal to the electro-motive force 
-r total resistance of circuit. 

Ampdre.— The rate at which electricity flows tlirough wires is measured in 
jampbres. If the E.M.F. be 1 volt and resistance 1 ohm, the current is 1 ampere. 

1 horse-power is 33,000 foot-jiiounds of work per minute. 

• 1 Watt is 10^ ergs per second. 

1 746 watts. 

. The product of current in amperes by E.M.F. ni volts -f 74G is used to 
measure H.-P. electrically. 

Wheatstone’s Bridge, an instrument used for measuring resistance of a 
wire. 

Exercises. 

1. Describe the construction of the most sensitive galvanometer with which 
you are acquainted. 

2. Why is an astatic galvanometer Ix^tter adiq)ted for the measurement of 
weak currents than a galvanometer with a single needli’ ? 

3. How would the substitution of dilute sulphuric acid for strong nitric 
acid in & Grove’s cell affect (1) the \alue, (2) the constancy of its E.M.F. when 
working ? 

4. When a current passes along the wire joining th(» terminals of a battery, 
does it also pass through the battery ’ Give reasons for > our answiT. 

6, A strip of platinum and a strip of zinc dip into a vessel of acidulated 
water. How would you show that two copper wires, fastened one to tlie zme 
and the other to the platinum, are in different electrical states ? 



ANSWERS TO EXERCISES. 


CHAPTER II.-(Pago 29.) 


1. 88 inches, taking tt = V • 

87*9648, taking tt = 3*1416. 

The first answer is correct to within 
^ inch. 

2. 10 inches. 


3. 20*11. 

In many cases it is not necessary to 
retain more than tw’o decimal places 
in the result. 

4. 9*5 cm. 

5. 2309 ; 7752. 


1. 836*097. 


CHAPTER III.~(Page 36.) 

( 2. 17*89 ft. 


1. 2-21 lbs. 

2. 2,700 kgm. 
4. 17 lbs. 3 oz. 

1. *84. 

2. *786. 

3. 7^ oz. 

9 *97 

4 ! •798 mm. 


CHAPTER IV.— (Page 54.) 


5. 135-9 lbs. 

6. 312*5. 


(Page 58.) 

I 4. 10*63. 
15. *79. 


(Pago 61.) 

I 7. 69*4 lbs. 


CHAPTER VI.— (Page 88.) 


1. 65 ft. per sec. ; 60,000. 

2. (a) 40 ft. per sec, ; 1 J. 

3. Poundal ; 1|. 

4. 11 ft. per sec. 

5. 48. 

6. 60; 5:32. 

7. 5 ft. per sec. 

8. 24,000 yds. a min. in one min. 

9. t ft, per sec. 

10. 10. 17 *3; 20. 

11. 1*85 V where r is vel. along A B. 

13. 27 ; 33. 

14. (rt) 11 ; {h) ft. per sec. ; 100^ 
m 27*8; 08" with AC. 

16. 112" 37'; 90% 

17. 25 lbs. 

18. 70*7 ; 25*9. 

19. 20 ft, per sec. in a direction parallel 

toBO. 

20. 22*4. 

91 91 * 1^*9 

sa! (o) 4. (6) 25'®. W 7-9 see. 


23. 7*84 seconds. 

24. 172 ft. per sec. 

25. 29*3 ft. per sec. i)er sec. ; 0*945. 

26. 64 ft. below xK)int of projection. 

27 . 28*8 ft, per sec. 

28 12 • 8 

29*. 9 and* 21; 10 lbs. 

30. 1,190 lbs. ; 1,140 lbs. 

31. 13*0. 

32. 10 ft. 

33. 15:2. 

34. 60, 20, 40, 60. 

35. 7*407 ft. i3er sec. ; 3,841,600 to 

939, 250, COO poundals. 

36. Let 0 be point of inter., and A 

the anj^ular point, G the centre 
of gravity ; then OG = 40 A. 

37. 

41. 2| ft.; ^ Ih. 

42. At 0 point of intersection of dia- 

gonals ; at middle point of 0 A. 

43. 21 inches and 13 inches. 
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CHAPTER VII. -(Page 107.) 


1. 56. 

2. 30,000 foot-poundals ; 312*5 ft. 

3. 20,160 foot-pounds; 3,360 foot- 

jjounds. 

4. 500 foot-poundals; 16,000 foot- 

^ poundals ; u = 88 ft. per sec. 

5. 12,000 foot-poundals. 

, .6. 28:28 ft. per sec. 

7. 3516. 

8 . 66 §. 

9. 2J ft. per sec. ; 147 ft. 

10. 2,139 foot-pounds per min. ; *06 

H..P. 

11. 0*67 H.-P. 

12. 1,400 foot-pounds. 


1,3. (a) 20,000 ; (ft) 625. 

14. 320. 

15. 1,(>50 ; 20. 

16. 108. 

17. 1,600; 1,280. 

18. 2,250 ; 30. 

19. 26,400. 

20. 2,240 foot-poundals ; 44*8. 

21. 1,080. 

22. 11)2 ; 5 ft. per sec. 

23. 16 hours. 

24. 576. 

25. 9,600 ; 24 ft. per sec. 

26. 11 ft. per sec. 


CHAPTER VIII.- (Page 115.) 


1. 39*139 inches. 

2. 9i»jVft. 

3. 32. 

4. 4*67 ft. 

6. Time of one beat, 1*014 secs. Num- 


berof beats in twenty -four hours, 
8,761. 

6. 36*47 inches. 

7. /= k!/ J ^ = 1*22 secs. 


CHAPTER IX.-(Pagcl23.) 
1. = 4*375 ft., and VtAP = 4*422 ft. 


CHAPTER X.— (Page 120.) 


3. 351r^ ft. per sec. ; rate of vibration, 
490. 

7. Wheel makes 4 revs, iier sec. ; . ’. 
frequency = 4 x 64 = 256. 


8 . 


1120*4 

Wave length - = 4*4 it. 

1,860. 


2 . M- 


CHAPTER XI. -(Page 135.) 

I 3. U I. 


CHAPTER XIV.~(Pagel5G.) 


1. *0306 yds. 

2. 0*043 inches. 

3. 1*0057 cubic decimetres. 


4. 0*0354 c.c. 

5. .50<>-9ft. 

6. *000016. 


3. 356*26 lbs. 


CHAPTER XV. -(Pago 161.) 

1 4. 1073*2 to 1917*73. 


CHAPTER XVI. -(Page 167.) 

1. 190% 185% 160% 22% - 5% - 10^ | 3. 11, V C. ; 16f C. 

2. 500% 193*6% 160% 135*2% 249 8% 30*2% 4. -6^. 

19*4". ! 


CHAPTER XVII. -(Page 175.) 

4. 173*7. 

5. 9/r C. 

7. 906*1. 


1 . 90 • 9 ^ 

2. 0*1007. 

3. 



222 


^ TABLE OF USEFUL CONSTANTS. 


TABLE OF USEFUL CONSTANTS. 


1 centimetre = 0*394 inch. 

1 metre = 3*28 feet. 

1 inch =2*54 centimetres. 

1 foot = 80*47 centimetres. 

1 kilogram — 2*2046 jwunds. 

1 gallon = *16 cubic feet = 10 pounds of water at 62° F. 

Value oi [/ = 32*18 feet per second per second. 

1 gram =9 = 981 dynes. 

1 atmosphere = 14*7 pounds per square inch = 760 millimetres of mercury. 
TT = 31416 or 

TT* = 9*87. 

- = 0-318. 

TT 


SpeciOo heat of copper = 0*095. 

Si>ecific heat of glass = 0*19. 

Specific heat of mercury = 0*033. 

Coefficient of cubical expansion of glass per 1° C. = 0*000026. 

Coefficient of cubical expansion of mercury jiier 1° C. = 0*00018. 

E.M.F. of a Daniell’s cell, about volts. 

1 ohm is nearly e(iual to the I’esistance of 10 feet of pure copper wire 0*01 in 
diameter. 



INDEX. 


Absolute expansion of a liquid, 158. 
Acceleration, 79, 80. 

Actinic energy, 130 
Air, properties of, 71. 

thermometer, 158. 

Alcohol thermometer, 162. 

Amalgamed silk, 192. 

Ampere’s rule, 207. 

Amplitude, 110, 120. 

Angle, measurement of, 33. 

of deviation, 138. 

of friction, 106. 

of refraction, 138. 

Apparent expansion of a liquid, 158. 
Archimedes, principle of, .58. 

Area, measurement of, 35 

unit of, 11, 12. 

by weighing, 44. 

of a circle, 38. 

of a parallelogram, 37. 

of a rectangle, 35. 

' of a square, 35. 

of a triangle, 35 

of an ellipse, 42. 

of an indicator diagram, 43. 

of curved surface of cone, 41. 

of curved surface of cylinder, 41. 

of irregular figure, 40. 

Astatic galvanometer, 214. 

Attwood’s machine, 113. 

Average velocity, 80. 

Balance, 49. 

Barometer, 72. 

Fortin’s, 73. 

Siphon, 74. 

Battery, 212. 

Boiling-point depends upon the pressure, 166 
Boyle’s law, 74, 159. 

law tube, 74. 


British and metric measures compared, 14 
Bunsen’s cell, 208. 

photometer, 133. 

Burette, 45. 

C VUJ’EUS, 24. 

Capacity for heat, 160. 

Centre of gravity, 86 
Charles's or I lalton’s law, 159. 

Ciicle, area of, 38 

to measure circumference of, 28 

Cohesion, 1(». 

Compasses, 23 
Components of a force, 81. 

Compound pendulum, 111. 
Compicssibilitj, 1(». 

Concave mirror, 148. 

Condensers, 200. 

Conduction of iieat, 170. 

Cone aica of curved surface, 41. 

development of, 32 

volume of, 47 

Conservation of energy, 93. 

Convection, 179 
Coulomb, 216. 

Couple, 84. 

Critical angle, 140. 

Cube, volume of, 17. 

Cubical expansion, 155. 

Curved line, measurement of, 32 
Cylinder area of curved surface, 41. 

volume of, 46. 

Daniell’s cell, 2(¥J. 

Davy safety lamp, 178. 

Declination, 187. 

Density, 53. 

of a liquid, .55, 

electric. 2t»t). 

Development of cone, 32. 
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'^Diagonal s^Ie, 23. 

Difference of potential, 199. 

Differential thermometer, 160. 

Dip, 187. 

Discharging tongs, 201 
Disc siren, 120. 

Dividers or compasses, 23. 

Divisibility, 16 

Efficiency, 95. 

Electric density, 200. 

induction, 196. 

Electrification, positive and negative, 
192 

by contact, 193. 

by friction, 191. 

Electro-magnets, 211. 

Electrophorus, 197. 

Electroscope, Faraday’s ice-pail, 198. 

gold-leaf, 194. 

Electrolysis, 209. 

Electrolyte, 208. 

Ellipse, area of, 42. 

Energy, 92. 

actinic, 130. 

conservation of, 93 

liotential, 92. 

radiant, 130. 

Equal expansion of gases, 159 
E.stiniation of force of gravity, 78. 

Ether, 130. 

waves, 130. 

PJxpansion, cubical, 155. 

linear, 152 

- suiierflcial, 155 

of gases, 158 

of liquids, 1.57. 

of solids, 155. 

Extension, 15. 

Faiiaday’s ice-pail electroscope, 198. 
FixeijhiiOints of a theimoraeter, 164, 

Focal lengtii of lens, 145, 
p’oeus of lens, 145. 

Force, comixinonts of, 81. 

measurement of, 77. 

measurement of, by tension, 77 

moment of, 83. 

* representation of, 77, 

unit of, 79. 

of gravity, estimation of, 73 

resultant, 81. 

P'orces, triangle of, 82. 

P'ortin’s barometer, 73. 

P'requency, 120. 

Friction, 104. 

- angle of, 106. 


Galvanometer, 213. 

astatic, 214. 

Gaaes, expansion of, 158, 

equal expansion of, 159. 

Gauge, 25, 27. 

Glass, refractive index of, 141. 

specific heat of, 170. 

prism, refraction through, 144. , 

Gold-leaf electroscope, 194. 

Graduating a thermometer, 165. 

Gravity, centre of, 86 
Grease- spot photometer, 138. 

Grove’s cell, 207. 

Hare’s apparatus, 65. 

Head of a liquid, 67 
Heat, 152. 

capacity for, 169. 

conduction of, 176. 

latent, 172. 

specific, 168. 

Heating effect of current, 209. 

Hope’s experiment, 166. 

Horse-power, 94. 

Hydrometers, 68 

Nicholson's, 69. 

Hydrostatics, 52. 

Images, 146. 

multiple, 143. 

size of, 149. 

Impenetrability, 16. 

Inclined mirrors, 143. 

- plane, 95. 

j Index of refi action, 139, 

Indicator diagram, area of, 43 
Induction, 183. 

electric, 196 

Inertia, 16. 

Instruments used for measurement of length, 
Irregular figure, aiea of, 40 [19 

Jolly’s balance, 62. 

Laboratory work, vii. 

Latent heat, 172. 

of steam, 173. 

of water, 172. 

Laws of inverse squares, 131. 

I reflection, 136. 

Lead, specific heat of, 169 
Lecianche's cell, 207. 

Length, measurement of, 18, 21, 28 

unit of, 10, 12. 17 

instruments used for measuring, 19 

Lenses. 144. 

- focal length, 145. 

- principal focus of, 145 
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Lever, 85, 97, * 

Leyden jar, 200 

Light travels in straight lines, 130. 
Linear expansion, 152. 

Lines of force, 1S2. 

Liquid, absolute expansion of, 158. 
- apparent expansion of, 158 

I density of, 55. 

V— — expansion of, 157. 
head of, 07. 

volume of, 49 

Litfe, 18 

Longitudinal vibration, 118. 

Lost w ork, 94. 

M^fiVETic axis, 187. 

curves, 1S2. 

induction, ISO. 

meridian, 187. 

moments, 188. 

Magnetism, effect of earth, 189. 

terrestrial, 18(5. 

Magnetizing iron and steel, 183. 
Magnets, properties of, 180 
Magnification, 146. 

Manometer. C3 

Mass, measurement of, 49 

unit of, 11, 13, 17, 

Matter, 14. 

properties of, 15. 

JMaximum density of water, 166. 
Measurement of angles, 33. 

of area, 35. 

of curved lines, 32 

of force, 77 

of length, 18, 21, 28. 

of mass, 49 

of volume, 45- 

|of work, 92. 

Mechanical advantage, 94, 97. 
Melting-point of beeswax, 171. 

of paraffin, 171 

Mercurial thermometer, 163. 
Mirrors, 143 

concave, 148. 

inclined, 143. 

principal focus of, 14S. 

Moment of a force, 83. 

Momentum, 79 

unit of, 79. 

Monochord, 124 
Multiple images, 143. 

Musical sounds, 125. 

Newton’s laws, 78, 79 
Nicholson’s hydrometer, 69 
Nut, 31. 


Ohm’s law, 215. 

Parallel forces, 82. 

Paiallelograin, area of, 37. 

Pendulum, 110 
— compound. 111. 

Photometer, 130. 

Bunsen’s, 133. 

lluinford’s, 132. 

Pipette, 49 
Pitch of a note, 125. 

of screw, 31. 

l^lanimetci, 40 
Polarization, 205 
Porosity, I.*"* 

I’ositive and negative electrification, 192 
Potential energy, 92 

difference of, 109 

l‘ower, 94. 

Principal ftx’us of lens, 145 

of minor, 14S 

Princiide of An'lumedes, 58. 

of woik, 94 

Prism, volume of, 46. 

Proof jtlanes, 195. 

I’ropcrties of air, 71 

of magnets, 180. 

of matter, 15. 

Protractor, 81 

Pulley, {>8 £ 

blocks, 101 

Pyramid, volume of, 48 

Qi’antity and current, 216, 

Kahiant cnoigy, 130 
Jlectangle, aica of, 35. 
lleflection, 13(> 

total. 140 

Refraction, 137. 

- angle of, 138. 

index of, 139 

through glass jirism, 144 

Refractive index of gla.ss, 141. 

of water, 140. 

Representation of a force, 77 
Resistance to flow of electiicity, 214 
Resonance, 128. 
j Resultant force, 81. 

[ Rumford’.s photometer, 132 

Salary’s wheel, 126. 

Scale, copy of, 20 

diagonal, 23. 

•Scales, 18. 

, Screw, :10, 10.3 
I jiitch of, 31. 
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8crew<|^Uge, 20. 

JftCk, 108. 

pm», 103. 

square thread, 81. 

vmimd, 31. ' 

Shadow photometer, 182. 

Single movable pulley, lOl. 

Siphon, 66. 

barometer, 7i. 

Siren disc, 126. 

Size of Imageg, 149. 

Slide^oalii^rB, 24. 

Smee’s cell, 205. 

Solenoid, 211. 

Solids, expansion of, 16&. 

Sound, musical. 126. 

— waves of, 117. 

Space descrlM, 80. 

Speoifio gravity, 63. 

bottle, 66. 

by means of balance, 68. 

by means of U4ube, 64, 66. 

of liquids. 62. . 

of wdids, 69, 60. 

Specific heat. 168. 

of glass, 170. 

of lead. 169. 

Spectrum, 160. 

Sphere, volume of, 16; 47. 

Square, area of. 35. 

Squared paper, nse of, 87. 

Standard y^. 153. 

Steam, latent heat of, 178. 

Superficial expaneion, 166. 

TaMPsaatPUE, 162. 

Terrestrhii magnetism, 180. 
Thermomc^r, air, m 
akoiyi, 162. 

diflfeiantlal, 160. • 

fSttod points of a, 104. 

graduation of, 166, 

— ~ mercury, lOR. 

^ermomete^ 161 

Time of vibration of magnet, 189. 

To copy a eeale, 20. 

To measure ciroumferenoe of a oiirolo, 
-V*- diameter of a sphere, 29. 

Total refieetton, 140. 

work, 06. 
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Transverse vibration, 124. 
Triangle, area of, 85. 

of forces, 82. 

Unit of area, 11. 12. 

of force, 79. 

of length, 10, 12, 17. 

of mass, 11, 18. 

of momentum, 79. 

of volume, 10, 12, 17. 

of work, 92. 

Useful constants, table of. 222. 

work, 94 

U-tube, 68, 65. 

Velocity, 80. 

average, 80. 

variable, 80. 

Vernier, 21. 

Vibration, 110. 

longitudinal, 118, 

of thin lath, 121. 

transverse, 117, 124 . 

Voltaic cells, 206. 

Volume, measurement of, 45. 

of cone, 47. 

of cube, 47. 

of cylinder, 46. 

of liquid, 49. 

— — of prism, 46. 

of pyramid, 48. y 

— of sphere, 46, 47. \ 
unit of. 10, 12, 17. \ 

Watsii, latent beat of, 178. 

maximum density of, 166. 

refractive index of, 140. 

Wave length, 121. 

Waves, ether, Iffl). 

of sound, 117. 

Wheatstone^B bridge, 217. 
Wire-gauge, 26, 27. 

Work, 92. 

\ — lost, 94. 

^ measureiment of, 92^ 

principle of, 94. 

L total, 96, 

— useful, 94. 

Vaun standard, 153. 
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